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COLONEL TEALE 

Born in Muskei>on, Michiijan, Colonel Toale was graduated 
from the U. S. Military Academy in the class of 1917. He came 
to Jacksonville early in 1947 with a colorful and interesting 
career, both as a regular Army otficer and as an engineer. Dur¬ 
ing the war he organized and commanded the 38th Combat En¬ 
gineer Regiment and served for two years as Chief Engineer of 
the U.S. Army Forces in Australia and of the Services of Supply 
of the Southwest Pacific area. Upon his return from overseas 
duty, he was named Commanding Officer, Albany Engineer De¬ 
pot, and in June 1946, Commandant of the Army Engineer 
School, Fort Belvoir, Va. As Chief Engineer, Army Services of 
Supply in the Pacific area. Colonel Teale was awarded the Dis¬ 
tinguished Service Modal for his superior performance of duties, 
and also the Legion of Merit for his outstanding services at the 
engineer school. 

His first tour of overseas duty came during World War I in 
France with the 7th Engineers. In 1923, Colonel Teale con¬ 
tinued his engineering studies and completed post graduate work 
at the Massachusetts Institute of Technology. For two and 
half years he was on duty as Secretary of the Mississippi River 
Commission with the Division Engineer in St. Louis, Missouri, 
where he won recognition in handling flood control works along 
the Upper Mississippi River. 

Colonel Teale had other important assignments, including a 
two year tour of foreign duty with the American Battle Monu¬ 
ments Commission, ParivS, France, assistant to the North Atlantic 
Division Engineer in New York, District Engineer at Mobile, 
Alabama, and Associate Professor of Mathematics, U. S. Mili¬ 
tary Academy. 

As District Engineer of the Jacksonville District, Colonel 
Teale is in direct charge of all river and harbor and flood control 
work in peninsular Florida. It was under his direction that the 
Central and South Florida Plan for Flood Protection and Water 
Control, recently authorized by Congress, was developed and sub¬ 
mitted to the Chief of Engineers. 

Colonel and Mrs. Teale and their son reside in Jacksonville. 
Their daughter, Katherine, is attending Vassar College. Mrs. 
Teale is the former Miss Katherine Farr Brown of Cleburne, 
Texas. 
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THE NATIONAL WEED CONTROL PROGRAM 
L. S. Evans 

The lossvs from weeds siiul undcsiriible plant growth are as 
grout in their uggreuute importance to the individual as those 
fi'om insects and plant diseases combined. Weed conti*ol con¬ 
stitutes an almost ideal tield for coopi'rative i'eseai*ch. No weed 
control jiroblem is limited to a single State and the local prob¬ 
lems are so numerous that no one State can hope to invest iuate 
ail of them adequately. The keen and widespread public interest 
in weed control naturally is pleasing to the research worker in 
this field. The avid intoiest of the farmer in herbicides is second 
only to his demand for mechanization. It would be diilicult to 
overestimate what these chemicals imply to the future of agri¬ 
culture. We arc in the midst of further enormous growth in 
this field. All weed control activities are interdependent and in 
the process of rapid development. The first requisite is a critical 
review of the situation as a whole and a statement of the ultimate 
purpose of the jirogram. 

Research on the control of weeds is carried on by a number 
of agencies within the United States Department of Agriculture, 
each interested in a certain phase of the work. This discussion 
will deal primarily with the work of the Bureau of Plant Indus¬ 
try, Soils, and Agricultural Engineering. Weed research in this 
Bureau is conducted by the Divisions of Farm Machinery, Fruit 
and Vegetable Crops and Diseases, Forage Crops and Diseases, 
and Cereal Crops and Diseases, all in cooperation with State 
Experiment Stations in the various areas. The present research 
project was initiated in 1935 when a special appropriation was 
made by Congress for bindweed control investigations. It was 
organized as a project in the Division of Cereal Crops and Dis¬ 
eases of the above Bureau. 

In Di'cembor 1945 the Department of Agriculture was asked 
to cooperate with the Office of the Chief Engineers, War De¬ 
partment, on a study of the control of water hyacinth in the 
Gulf Coastal Area. This project was financed by the War I)e- 
partnumt. 

In 194(5 the Congress voted a modest appropriation for a 
study of thi‘ control of nut grah.s in the southeastern states and 
as a result work is now underway on this problem in Mississippi 
and Georgia. 

In 1946 funds also were appropriated by the Congress for 
the study of the control of weeds on ditchbanks, in irrigation 

—^Agjonoimst, Division of Cereal Ciop.s and Disease!,, Bui-eau of Plant 
Industiy, Soils, and Agricultural Bnginwring, Agrucultuial Resear-eh Ad- 
minish’ation, U. S. Dept, of Agriculture. 

E(hfui’8 Nofi : Ml. Evans lused a very extensive senes of coloied slides in 
presenting hi.s lectuie which, unfortunately, we aie unable to lepiodnce in 
this published account 



10 


(‘uiials, and roscrvoirs, and on irrijyatod lands of the West. This 
appropriation was obtained at the recpiest of and with support 
from the Bureau of Reclamation of the Department of the In¬ 
terior. Investigations in this problem are beinu eonduct(>d at 
Held stations located in Arizona, Washington, Idaho, Utah, and 
('olorado. 

With the passa}>e of the Research and Marketinu; Act of 
15)4(5 new funds were made available for weed research work. 
A project entitled “To establish a cooperative national j’esearch 
program to develop practical methods and ecpiipment for wi'ed 
control” has been established. In addition to the personnel em¬ 
ployed at Beltsville, field representatives in 15 states are now 
engaged in full time weed control research in cooperation with 
the various State Experiment Stations. In addition, close liaison 
is being maintained with the four regional weed control con¬ 
ferences organized throughout the United States. It is now 
believed that adequate coverage of the weed control problems of 
the country is being given within the limitations of the funds 
available. This is not meant to imply that all w'oc'd control |)rob- 
lems are being attacked simultaneously. 

THE APPROAUH 

The primary objective is the discovery of new facts and accu¬ 
rate interpretation of old ones though not necessarily for im¬ 
mediate practical ends. The keyword in integration. Eor ex¬ 
ample, integrated research would involve close liai.son between 
the chemical-weed-killer men and those working in plant re¬ 
search and soil chemistry. Integrated operation means fitting 
the control to the weed, or the chemical to both crop and soil, 
or if this cannot be done to breed crop varieties resistant to the 
chemical. Integrated machinery concerns planning programs, 
education, and regulatory activities. 

There is no lack of initiative on the part of the weed research¬ 
ers in the field. Weed research is still in a fairly exploratory 
stage of development from the standpoint of experimental design 
and methods of analysis. A point of special significance is Ihe 
present lack of standardized techniques and terminology. 

The broad weed control research program includes {1) fun¬ 
damental or basic studies, and (2) applied or agronomic phases. 
The fundamental studies will be common to two or more regions 
and will form a part of the national program of weed control 
investigations but may have broad consequences in related fields 
as well. The discovery of the growth regulator herbicides and 
other improved chemicals has shifted the emphasis on weed con¬ 
trol investigations since 1944. These new chemicals are useful 
tools in any weed control program, but they do not fulfill all re¬ 
quirements. Some of the standard practices of weed control 
have been overshadowed by the advent of chemical control, but 
these older methods should not be discarded. Clean cultivation, 
short rotations, planting clean seed, and quick eradication of 
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new kinds (if weeds that appeal' still represent reliable and ef¬ 
fective methods in the never endinp: fijrht ajjainst weeds. Proper 
mowinjf, fertilization, and other details of pasture manafjenient 
will do much to alleviate the weed problem in pasture and ranjre 
lands. 

The ufeneral obji'ctive is to develop practical methods, ma¬ 
terials, and e(juipment for the control of weeds. The headquart(‘rs 
of the national weed control program is at R(‘ltsville, Maryland, 
near Washington, D. (\ Basic research on herbicides and their 
effect on plants is underway at that location. Field investi'iJitions 
are established on a regional basis in cooperation with State 
Agricultural Experiment Stations and other agencies in each 
region. Chemical and physiological studies and field studit>s on 
competitive cropping, chemical weeding, pasturing, tillage, and 
other methods of control will be supported under this project 
in the several regions. Field work on the developnamt of satis¬ 
factory mechanical, cultivating, spraying, flaming, electrical, and 
herbicide applying e<iuipment is centered at Ames, Iowa, St. 
Paul, Minnesota and Stoneville, Mississippi. Agronomic, eco¬ 
logical, and mechanical inve.stigations will first be undertaken 
on the major weeds of each region and the results will be made 
available to all cooperators. In addition to the cooperative work 
with the experiment stations within the continental United States 
plans are being made to tiike advantage of the year around grow¬ 
ing conditions in Puerto Rico to permit the continual testing of 
new materials as to their horbicidal value. New chemicals will 
be screened in order to determine their horbicidal properties, 
chemical stability, toxicity to animals, inflammability and other 
characteristics. Studies will be conduct('<1 to establish and 
standardize indicator plants for evaluating herbicides. 

A relatively small group of scientists have consid(>red the 
basic weofl control problems from the standpoint of <U‘<luctive 
reasoning, while a much larger group approach the problem 
from the empirical or cut-und-try viewpoint. They hav»> not vet 
reached common ground. Nev(*rtheless the proper jilace exists 
for each approach. Empirical investigations have produced most 
of our information on weed control i»ractices in current use. In 
this connection, it is pertinent to nofe fhal the direct assault in 
science is sonudinu's the least successful, while it is legitimal(> to 
keep searching for curative agmits for weed p<>sls if is <iuite cer¬ 
tain in the long run that more will be gaim'd by broadening tlu' 
base of fundamental knowledge of weed Ixdiavior. This some¬ 
what tedious spade work is now moving forward slowly in Belts- 
ville and in other research institutions supported by public and 
private funds. 


THE ACCOMPLISHMENTS 

In a joint discovery by the personnel of our Bureau and th<“ 
Bureau of Reclamation at the Denver ('hemical Laboratory of 
the latter it was found that the carrier used in one of the pro- 
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prictury 2, l-D compounds was loxic to acpuitic woods. When 
the carrier was analyzed the toxic conslitiunit proved to h(> a 
coal tar naptha. Later a cheaper i)etrol('ura naptha was found 
to he just as etToctivo and could he used at oiu' tenth the cost 
of the chemical methods now in use. Extensive* field scale* trials 
of the new preicess are neiw unde*rway in the* \\ate>r elelive'ry 
.syste'ms eif the irrij-Uite'd senithwe'st. 

A elifferent type eif w(>eel contred is heinjr stuelieel in our nut 
jrrass inve.stijfations. Ethylene elihromiele anel chleiropicrin, holh 
hiffhly volatile liquids, are bein}*: used as seiil fumijrants. Thus far 
they have been more t'fToctive thoujrh more expensive than any 
method of control by tilUiKe or smother croppinjir- Nut jji’uss 
cannot be eliminated simply by sprayiii}? with 2, 4-1) because* the 
effect jrenerally deies not extend beleiw the ba.sal bulb and the 
fir.st tuber. 

Ceinsiderable attontiem and emphasis has been priven recently 
te> the control of weeds in row crops by pre-eme'rjjence chemical 
treatment. Two methexls have been employed. (1) Application 
of a .selective herbicide to the .soil at the time of seeding. The 
chemical in the soil kills weed .seedlings but thosi* of crop iitants 
are uninjured. (2) Application of a general contact ht*rbicide 
to a population of weed scedling.s prior to the emergenci* of the 
crop seedling or prior to the .seeding of the crops. Pre-emergence 
weed control is possible because as a rule only those weed sec'ds 
that are within the >4 to ' •> inch of soil germinate. If the initial 
population of weed .seedlings is destroyed without disturbing 
the soil and thus bringing more weed seeds near the surface, 
very few weeds will be present to interfere with the early growth 
of the seedling of the crop. Advocates of pre-omcrgence weed 
control recognize the fact that the early competition of weeds 
with crop seedlings is a factor of great signiticance. 

Pre-emergence spraying with 2, 4-D under some conditions 
controls practically all kinds of annual weeds including grasses 
but there is much to be learned about its proper asc*. Soil appli¬ 
cations of 2, 4-D at the rate of 2 pounds per acre effectively con¬ 
trolled weeds for a period of six weeks in crops such as corn, 
soybeans, lima beans, and peanuts. Dinitro cotnt)ounds have 
been similarly successful on crops sensitive to 2, 4-1) such as 
cotton and some vegetable crops. Pre-emergence weeding is moix* 
often hazardous on sandy soils than on clay soils because of t h(‘ 
deeper percolation of the chemical into the soil. The rate of in¬ 
activation of the chemical by the soil may also be a factor in this 
case. In heavy soils the chemical does not reach deep plant e<l 
crop seedlings in time to cause .serious crop injury but may 
cause severe injury or death to the shallow germinating weed 
seeds. Research is continuing to determine the relation.ship of 
factors such as rainfall and soil moisture to the success of the 
treatment. 

Ammonium trichloroacetate has shown promise as an effective 
perennial grass killer when applied at rates of from 100 to 150 
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lbs. por acre. When applied to Ihe soil this clK'mical has a .sonie- 
whal selective elFecl on the perennial urnsses but when applied 
us a rolia}>e spray it Ix'haves as a non-si'Iective herl)icide. Selec- 
lod fractions of the aromatic petroUaim compounds lia\e been 
found to 1)0 considerably inoia' elfeclive in cunii’olliii" I'ernnida 
{Trass and Johnson i^rass in the irrirat'-d s<'clions of ihe oath 
w'c.st than has ordinal^ die.s<>I oil. These maleriab an* now Ix'iie* 
used ext(‘nsi\el,\ for ih(' control of nndesiralde \«‘"elalion on 
irri{Tation ditchbanks. Tlu'se materials are non .sehudixe in lladr 
acUon and since lhe.\ s('rve only as contact killers, 1 to appli¬ 
cations may lie recpiired to completely (h'stroy established stands 
of the perennial jjrassi's. Die.scd oil, which has commonly bi'en 
used in many sections of the We.st for the control of nnwantisl 
ve{retation, is now’ l)ein{r fortified with such compounds as ixmta- 
chlorophenol or the dinitro phenoks. The addition of these ex¬ 
tenders may be expectixl to alleviate the present oil shortaue to 
some (le{Tree. 

A si{Tnificanl development in weed control has Ixxm low vol¬ 
ume applications of siiray. Whereas formerly w<> thoip'ht in 
terms of 100 to .‘lOO {yallons of liipiid applied to the acre we now 
are usinjr successfully volumes as low as :> uallons (or e\en 
less) per acre. Low volunu* applications have been nuuie pos- 
.siblu by improvement in equipment, particularly nozzles, ami b.\ 
takinir advanta{re of the translocatin{.>' characteristic of 12, 1-1) 
and other {rrowth re{rulatin{T herbicides. Low volume applica¬ 
tions are especially valuable in areas wh<»rt' water is scam* and 
where haulintr and re(\llin{T add materially to the cost of appli¬ 
cation. 


THE PROSPECT 

Throe points can lx* made about weed control as a scienci*. 
It is the youn{!:est scii'nce al(hou{Th actually, in a crude form, it 
stretches back into antiquity. It is in (In* mid.sl of further enor¬ 
mous {yrowth and it is in a crisis that reflects flu* preoccupation 
of the avera{re American with the iilea <if “pill” farmiiu*. In 
some cases W’eed control is the last bottleneck to Ihe conpilete 
mechanization of some farmiiq* operations, notably cotton and 
su{Tarcane culture. The* weed research(*rs be{>an to appear in 
numbers in l!)o(> but as a distinct class his ori{>in lH*<>an in 11)11 
with the premature announcement of 2, l-l). The.si* are the dial- 
len{Tin{f facts which proviile a sen.se of ur{>ency umlerlyitp*" the 
whole profession. ('h<‘mical weed control is not a substitute for 
{rood farmin{?—it is a part of {timmI farmin{.r. 

Spectacular {growth is nothing new in the .sciences. The War 
prepared the {rround for the {Treat efflort‘.scence in othei’ .scientific 
fields and its surpri.sin{T proliferation in our own. Tin* days of 
improvisation are not {rone but laymen Jire be{Tinnin{T to ask 
pertinent questions about the “why” of lhin{Ts. While it is true 
that we don’t have to know the cause of fire Ix'fore (‘iforts are 
undertaken to extin{fnish it. we cannot accurately apiiraise our 
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accomplishments in weed control as lon^ as we are troubled 
by the lack of basic research. Wo are still too engrossed with 
the details to be able to explore the Held with the objective and 
leisurely contemi)lation which is accepted as the measure of the 
true scientist. 

We are close to something new and revolutionary and uni¬ 
versally important. The underlying: idea of non-cultivation is not 
new—but now for the first time through the use of chemicals 
we have available means of controlling: weeds without resorting 
to some of the inetlicient and disadvantageous tillage practices 
which have prevailed through generations. The new system may 
not be foolproof but the errors, for the most part, are self-cor¬ 
recting. The inherent possibilities have not yet been realized 
but they are limited only by the spontaneity, ingenuity, and 
original creativeness of the research workers concerned. 



SYMI’OSH'M I 


THE (ONTROI. OK WATER PLANTS FROM THE S'I'\M>- 
POINT OK WATER MANACJEMENT AN!) NAVKi \TION I\ 

THE LAKES, RIVERS AND ( ANALS OK I'lIE S(»I I’H 

THE GENERAL ( HARAITERISTU'S OK THE PRINCIPM. 

PLANTS INVOLVED 

Erdman Wkst 

Then' are many plants in the* South that inhahit na\i‘'al>li' 
waters, their mar^nns and their trilaitaries. If we are to ili 
cuss the problem of their control, we must ktutw sonadhine abmit 
the characteri.stics of these idants. It is not nece'!';ir.\ to li>l. 
let alone (liscus.s, ('very sp('ci<‘s that iniHit l)e found in thi' eii 
vironment. In tin* mild climate of this area, there are m> mati\ 
kinds that there woidd b<‘ little time for any di.scn.s.sion of I heir 
control. Moreover, many of them are .so ran* or local lluil th(>\ 
are of very minor irnportanc<'. It will l»e mon' practical from 
all .standpoints to confine our consideration to the more innn 
erous and hence more important species. If wi' di\id(* the. (■ ae 
cordinjar to habitat, we can .simplify our problem still further. 
I believe control mea.sures are likely to follow this sort of elae i- 
fication rather clo.sely too. I would like to put th«'m into three 
categories and call tliem floaters, bankers and sinki'rs. 

KliOATERS 

The first division will be called “floaters" because the\ float 
on the .surface of the w’ati'r and j^row without the n<‘ce.s.sif\ of 
any attachment to the .soil. Normally, tlu'.v float freely and move 
with the surface curn'tits of the water. In .shallow afi’a.i or 
margins their roots may anchor them in the mud. 'I'he most 
ubuiuitous is, of course, the common introduced water hjacinth 
It has lonjr been th»' mo.st pe.stiferou.s plant in navij’idile waters 
and millions of dollars have been spent, more or !('...• futile, in 
attempting its control. The di.scovery and use of 1!, ID weed 
killer has changed this picture very materially. Water Inacintli 
float.'j by means of (he inflated petioles or .stalks of its h-aves ami 
multiiilies rapidly by o(r.shoot.s. How much reproduction occur: 
from seeds is not well known. 

A native floatiiw plant, water h'ttuce, has many of (he yen 
eral characteri.stics of water hyacinth, but it does not multiplj 
nearly as rapidly. Each plant bears many Hat, pale yreen, leave;i 
in the form of a ro.s<'tte. Th<' llowers are small, ineon.spicnou.i, 
greenish-white, hairy ami funnel shapi'd. 

Another native aipiatie, frogbit, is far h*.ss common but may 

'—Botanist, Floriita Ayricidltiral Kx|ieriincnl .Slnlion, iJnini .vill<' 
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Pigiue 1.—FLOATERS—This tiemendous >?iowth of water 
hyacinths is typical of the "Floater” group of watci weeds. 
The Hillsboio Canal is under this heavy mat and, of course, 
gieatly ieduced in its capacity to handle diainago and hli¬ 
gation waters. The mea.suring stick at the left, which is 
held at the water’s level, shows the height of the plants to be 
neaily 8 feel. Photo taken in front of the Evei glades Ex¬ 
periment Station looking towaids Belle Glade on October 
24, 1935. 


be locally abundant. The leaves are shaped like water hyacinth 
leaves, but the base of the leaf blade is spongy and the leaf stalk 
is slender. The flowers are small and white, resembling small 
spiders. It multiplies by producing offshoots or lateral stems 
4 to 6 inches long. Large colonies are often inter-connected by 
these horizontal and slightly submerged stems. At some seasons 
of the year, numerous seeds are released. 

In densely shaded areas the floating fern may cover con¬ 
siderable areas, in patches as much as 20 feet across. The vege¬ 
tative leaves float on the surface of the water and produce young 
plants along their margins. Even small pieces broken off may 
drift away and develop a new plant. The whole plant is brittle 
and easily broken up. 

Among the smaller plants are the duckweeds and floating 
fern allies. Any one of these, alone or in combination, may cover 
the surface with the small plants individually less than one- 
fourth inch across. Spirodela and Lemna are the common native 
duckweeds found nearly everywhere. The fern allies are intro¬ 
duced plants called Azolla and Salvinia. The character that makes 
these plants particularly obnoxious is their small size. Rakes and 
most nets are useless because the plants slip through the meshes 
so that they cannot be removed mechanically. 
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FiRuio 2.—BANKERS—The heavy growth of Pai'a 
grass extending from both banks of tbe Hillsboro Canal 
to a point of nearly elosing it is a good example of this 
type of water weed. Photo taken in Belle Wlade from 
the main bridge looking towards Lake Okeechobee, 
June, 1948. 


BANKERS 

The second division of aquatic plants with which we are deal¬ 
ing is called the “bankers” because they must have their roots 
in the soil of the banks or margins of the body of water invaded. 
Their stems are usually hollow or inflated so that they float on 
or near the surface and may extend out ten or more feet from 
the bank where the root-system is embedded. They often ex¬ 
tend out from both banks and completely cover canals or small 
streams. 

One of the most important of the bankers, at least here in 
the Everglades, is the introduced Para grass. This grass grows 
vigorously on moist soil and produces great numbers of long 
runners or horizontal stems. On land, they root at every joint 
that touches the soil but on the water they float near the sur¬ 
face and increase in length. 

There are several native grasses that act in much the same 
manner. Fall panic grass and swamp grass are two of the 
larger growing kinds that may extend 6 to 8 feet from the bank. 
Two others that are much less vigorous in growth are creeping 
paspalum and water grass. 

Another vigorous and prolific plant in this category is water 
pennywort. This aquatic with round leaves attached at the cen¬ 
ter has inflated stems and leaf stalks which enable it to float 
easily. In quiet water these floating runners may extend 20 feet 
from the bank or point of attachment. Seeds are produced in 
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great quantities and float readily to new locations. Newly in¬ 
vaded ponds or streams are quickly populated. 

An introduced weed has shown itself to be potentially the 
most dangerous of this group. This is the dreaded alligator weed. 
It has become established in only a few places in Florida, and so 
far has not occupied much area in this State but elsewhere it 
has proved to be a major pest. It has narrow leaves and terminal 
heads of small silvery-white flowers. 

One of the smartweeds, portorican, is a valuable food plant 
for ducks but it can also extend out from banks or islands and 
cover considerable areas of water too. 

Watershield with its oval leaves and jelly-covered stems is not 
a very vigorous grower but is often a pest in lakes. 

An introduced aquarium plant known as parrot’s feather is 
a vigorous grower. It is frequently thrown out by gold fish 
growers when it becomes too abundant in their pools or aquaria. 
Such discarded material can quickly create a hazard if it is 
thrown into a stream or other body of water. It has very finely 
cut bluish-green leaves. 

SINKERS 

The third division has been named “sinkers.” These, strictly 
speaking, do not sink but they do have their roots in the bottom 
of whatever body of water they invade. They constitute the most 
insidious of the pests because they are submerged and hence 
inconspicuous but they nevertheless greatly impede water flow 
and slow down navigation. 

One of the most common in this group is coontail, incorrectly 
called moss or coontail moss ( it is not a true moss). It forms 
large plumy or ball-shaped masses of stems and narrowly seg¬ 
mented leaves. It is dull, dark green in color but the growing tips 
are often pinkish. 

In some areas, naiads are more common. This is more grass¬ 
like with thin wiry stems and short narrow leaves, but it grows 
to great length and covers vast areas of bottom with a dense 
growth. It is very common in lakes and canals. 

In shallow water, the pondweeds can become pests. Some 
of these invade brackish water as well as fresh. They vary much 
in leaf size and shape but all species are characterized by cone¬ 
like flower clusters. 

Some other submerged aquatics such as bladderworts, ca- 
bomba and elodea are locally common and troublesome. 

SUMMARY 

This is a brief consideration of the plants involved in the 
management of water for navigation, conservation or other pur¬ 
poses. In general, the habits of the plants as groups seem more 
important than the botanical characteristics of the species. As 
tolerances or immunity to specific chemicals become more ap¬ 
parent, certain species may becgnife mqrqr important or demand 
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Figure 3.—SINKERS—This dense growth of the so-called 
‘‘nigger wool” {Najas guadalupenb'is (Sprang.) Moiong.) 
that practically fills the entire cioss section of these 
drainage canals is a good example of the submeiged or 
“Sinker” type. It is even worse than a hyacinth cover 
because it almost stops all flow and actually blocks the 
canal until removed. Above—in the Clewiston area; Be¬ 
low—in the Davie area under pumpdown conditions with 
flow lines showing along the surface of the weed. 



special treatment, but for the present they can be treated in 
the groups we have outlined. The scientific names of the weeds 
referred to above are listed below under the three groupings 
which have been adopted for convenience in discussion. 


Water hyacinth 
Water lettuce 
Frogbit 

Floating fern 
Duck weeds 


Para grass 
Fall panic grass 

Swamp grass 
Water grass 
Creeping paspalum 
Water pennywort 
Alligator weed 

Portorican smartweed 
Watershield 
Parrot’s feather 


Coontail 

Naiad 

Pondweeds 

Bladderworts 

Cabomba 

Elodea 


FLOATERS 

Eichovuia crassipea Mart. 

Pistia strafiofea L. 

Limnohium spongia (Bose.) L. 
C. Rich. 

Ceratopteris pteridoidcs 
Lcmna spp. 

BANKERS 

Pamcinn pni'pinascciiff Raddi 
Pa 1/ inim d ichotom if lorn m 
Michx. 

Patiicum paliidivagvm H. & C. 
Hydrochloa sp. 

Paspalum repens Berg. 
Hydrocotyle spp. 

Achyranthes philoxeroides 
(Mrt.) Standley 

Polygonum portoricense Bertero 
Erasenia schreheri Omel. 
Mynophyllum proserpinacoides 
Gill. 


SINKERS 

Ceratopkyllum demersum L. 
Najas guadalupensis (Spreng.) 

Morong. 

Potamogeton spp. 

Utrieulaiia spp. 

Cabomba caroliniana A. Gray 
Anacham spp. 



DISTRIBUTION OF WATER HYACINTH IN FLORIDA 
James A. Hammack' 



The Jacksonville District ot 
the Corps of Enprinters recently 
completed a survey of the en¬ 
tire State of Florida to deter¬ 
mine the extent and concentra¬ 
tion of the hyacinth and other 
marine vegetable growth. Au¬ 
thority for this investigation is 
contained in a resolution of the 
Committee on Rivers and Har¬ 
bors of the House of Represen¬ 
tatives adopted 6 February 
1945.- 

A conference of the South 
Atlantic Division Committee on 
Hyacinth Eradication and Con¬ 
trol was held in Atlanta, Ga., 11 
and 12 February 1946. It was 
decided that aerial photos would 
be carried on observation flights 
at low altitude and detailed data 
recorded on the photos as far as 
practicable. 

An inventory was taken of 
aerial photographs in the Dis¬ 
trict Engineer’s files and it was 
found that there were about 


22,000 square miles to a scale of 1:20,000 to 24,000, also 7,800 
square miles at 1:40,000. From commercial sources and various 
governmental agencies, photographs of the remaining part of 
Florida with the exception of a part of one county were obtained. 
In view of the large number of individual photographs, the over¬ 
lapping coverage, and the anticipated difficulty in handling these 
small individual photographs in an airplane, it was decided to 
assemble the photographs into mosaics and photostat them to a 
uniform 1:20,000 scale on sheets 18" x 24", accordion folded and 


—Enj'ineei, Coips of Eni^incors, XJ. S. Engineer Office, Jacksonville. 

—COMMITTEE ON RIVERS AND HARBORS, HOUSE OF REP¬ 
RESENTATIVES U. S., WASHINGTON, D. C., RESOLUTION 

Be it resolved by the Committee on Rivers and Harbors of the House of 
Representatives, United States, That the Boaid of Engineers for Riveis 
and Haibors created under Section 3 of the River and Harbor Act, approved 
June 13, 1902, be, and is hereby requested to review the reports on Water 
Hyacinth Obstructions submitted in House Document Numbered 91, 55th 
Congress, 3d Session, with a view to determining (a) whethei* any expan¬ 
sion of the scope of operations, or any change in the method now employed, 
for exterminating and removing the hyacinth plants and other marine 
vegetable growths from the waters of Louisiana, and such other States as 
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TABLE 1— Distribution of Alligator Weed and Pickerel Weed in 
Florida, by Counties 


County 

AIIi*?aior 
wee<l 
< acre*) 

Pickerel 
weed 
(acres> 

County 

AlliKat(»r 

(acres) 

Pickerel 

(:icrc>» 

1 Alachua 

0 

907 

35 

Lake 

0 

8 

2 Baker 

0 

2 

36 

Lee 

0 

1 

3 Bay 

0 

0 

37 

Leon 

0 

586 

4 Bradford 

0 

24 

38 

Levy 

0 

6 

5 Brevard 

0 

137 

39 

Libelty 

0 

1 

6 Broward 

0 

12 

40 

Madison 

0 

294 

7 Calhoun 

0 

0 

41 

Manatee 

0 

180 

8 Charlotte 

0 

33 

42 

Marion 

0 

40 

9 Citrus 

0 

0 

43 

Martin 

0 

0 

10 Clay 

11 Collier 

0 

74 

44 

Monioe 

0 

0 

0 

9 

45 

Nassau 

1 

26 

12 Columbia 

0 

9 

46 

Okaloosa 

0 

0 

13 Dade 

0 

11 

47 

Okeechobee 

0 

1 

14 DeSoto 

0 

14 

48 

Orange 

0 

1 

15 Dixie 

0 

0 

49 

Osceola 

0 

1,414 

16 Duval 

19 

2 

60 

Palm Beach 

0 

20 

17 Escambia 

0 

0 

51 

Pasco 

0 

122 

18 Flagler 

0 

37 

52 

Pinellas 

0 

11 

19 Franklin 

1 

1 

53 

Polk 

0 

1 

20 Gadsden 

0 

0 

54 

Putnam 

0 

45 

21 Gilchrist 

0 

0 

55 

St. Johns 

2 

9 

22 Glades 

0 

148 

56 

St. Lucie 

0 

1 

23 Gulf 

0 

0 

57 

Santa Rosa 

0 

0 

24 Hamilton 

0 

12 

58 

Sarasota 

0 

53 

25 Hardee 

0 

427 

59 

Seminole 

0 

213 

26 Hendry 

0 

1 

60 

Sumter 

0 

0 

27 Hernando 

0 

109 

61 

Suwannee 

0 

30 

28 Highlands 

0 

319 

62 

Taylor 

0 

523 

29 Hillsborough 

0 

381 

63 

Union 

0 

3 

30 Holmes 

0 

1 

64 

Volusia 

1 

58 

31 Indian River 

0 

1 

66 

Wakulla 

0 

113 

32 Jackson 

0 

3 

66 

Walton 

0 

0 

33 Jefferson 

0 

867 

67 

Washington 

0 

61 

34 Lafayette 

0 

2 


Total 

24 

7,364 


so marked as to permit rapid handling* in a small space while 
flying. Each photostated sheet was numbered and in the margins 
the numbers of the surrounding sheets were indicated. The 
sheets were assembled by counties and index maps prepared for 


are aifected, is advisable at this time; (b) the nature and extent of the 
various public benefits that would accrue from such extermination and re¬ 
moval, and (c) the amount of local cooperation that may be warranted 
by reason of the local benefits. 

Be it further resolved that this action be taken with the view of de¬ 
termining the estimated cost of permanently eliminating the hyacinth 
plants and other marine vegetable growths from these streams, and that 
the cooperation of the Fish and Wildlife Service of the Department of the 
Interior, and of the Department of Agriculture and the United States Pub¬ 
lic Health Service be solicited, since the aforementioned obstruction of such 
streams affects the fishing industry, agriculture and health conditions. 
Adopted February 6,1946. Attest: J. H. McGann, 

Clerk. 
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each county showing the coverage of each photostated sheet on 
a 1-page map of the county. 

An effort was made to find some organization that had com¬ 
pleted a large-scale reconnaissance survey of this nature from 
an airplane, but none was found. Through the courtesy of a 
local flying service a test flight was made to determine conditions 
which would be encountered and the type of flying equipment 
best suited for aerial observers. It was decided that a light, 
high-wing monoplane, with side-by-side seating arrangement, 
was desirable. Such a seating arrangement permits the pilot 
and observer to use the same set of aerial maps to maintain a 
predetermined flight pattern. It was specified that the plane 
would have a cruising speed of 100 miles per hour, capable of 
maintaining safe flying speed at 60 miles per hour. The view 
from a plane of this type is excellent, affording a wide angle of 
vision approaching 180 degrees. 

Both aerial observers selected from the personnel of the Dis¬ 
trict Office had many hours of contact flying over this State. 
Although ability to fly was unnecessary, as a plane with pilot 
was contracted for, it was considered desirable that the observer 
be able to quickly and readily spot and keep his position and di¬ 
rection on the photos. Further, it was thought that persons used 
to flying in light planes would be less inclined to be bothered by 
its motions on bumpy air. 

Aerial observation was commenced June 3, 1946, and con¬ 
tinued until terminated September 17, 1946, in compliance with 
a Presidential Economy Order. Work was resumed June 4,1947, 
and observation from single-engine plane completed July 30, 
1947. A total of about 46,000 square miles was covered in a 
single-engine plane in about 410 hours’ flying time. The Ever¬ 
glades part of the State was covered using a twin-engined plane 
for safety, as recommended by the Civil Aeronautics Authority. 
In all, a total of about 69,000 square miles of survey was com¬ 
pleted August 7,1947, in 486 hours’ flying time, at an average of 
about 120 square miles per hour. This coverage was made pos¬ 
sible by good mechanical performance of the planes and close 
cooperation of the pilots and Government observers. Much of 
the observation was made at an elevation of about 500 feet, 
with some at higher and lower altitudes. The location and density 
of infestation were marked on the photostat maps as the area 
was traversed by the plane. 

The aerial survey work was checked by ground reconnais¬ 
sance using two parties of two men each in automobiles carrying 
the photostats marked by the aerial observers. 

Results of this survey are shown^ on these maps and tabu¬ 
lations of findings are included on tHese tables. Areas are ex- 
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Total 26,868 10,809 25,314 3,967 21,934 22,803 14,289 6,731 25,068 6,113 26,079 62,991 

Note—The above information is based on aerial and ground reconnaisance of the entire State of Florida, conducted in 
1946 and 1947. 
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Figure 1.—Sheet No. 8 of 13 sheets covering hyacinth survey of the South¬ 
east (10 sheets for Florida) by the U. S. Engineer Division Office in Atlanta 
and District Office in Jacksonville. The Kissimmee Valley is conspicuous 
for the heavy growths that are to be observed up and down its broad and 
irregular channelway. 
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TABLE 3—Distribution of Water Hyacinth, Pickerel Weed, and 
Alligator Weed, by Watersheds 



Hyacinth 

Pickerel 

weed 

Alliprator 

weed 

St. Johns Kiver and related areas 

0,604 

569' 

22 

Suwannee River 

1,3G3 

137 

0 

St. Marys River 

2 

16 

0 

Nassau River 

142 

13 

1 

Total above rivers and related areas 

1,507 

166 

1 

Apalachicola River 

27 

5 

0 

Ochlochnee River 

485 

68 

1 

St. Marks River 

3 

1,380 

0 

Aucilla River 

9 

265 

0 

Econfina River 

0 

153 

0 

Fcnholloway River 

2 

478 

0 

Steinhatchee River 

3 

42 

0 

Total above rivers and related areas 

629 

2,391 

1 

Chociawhatchee River 

0 

62 

0 

Perdido Rivei 

0 

0 

0 

Escambia River 

0 

0 

0 

Black Water River 

0 

0 

0 

Yellow River 

0 

0 

0 

Total above rivers and related areas 

0 

62 

0 

Oklawaha River 

3,978 

934 

0 

Waccasassa River 

256 

6 

0 

Whithlacoochee River 

7,442 

51 

0 

Total above rivers and related areas 

11,676 

991 

0 

Hillsboro River 

2,116 

548 

0 

Alafia River 

1,428 

36 

0 

Manatee River 

_181_ 

30 

0 

Total above rivers and related areas 

3,726 

614 

0 

Kissimmee River 

21,113 ” 

1,762 

0 

Peace River 

6,478 

676 

0 

Total above rivers and related areas 

27,691 

2,438 

0 

Caloosahatchee River and lower west coast 

1,626 

90 


Lower ^ast Coast and Evcrj^lades 

6,833 

_ 4Z_ 

0 

Grand total of Florida 

62,991 

7,364 

24 


pressed in acres classified according to density, using the fol¬ 
lowing terms: 

(a) Sparse—^more open water than hyacinth. 

(b) Moderate—^less open water than hyacinth. 

(c) Dense—no open water but not compacted. 

(d) Very dense—compacted. 

Also shown are other classifications, such as accessibility to 
presently used mechanical equipment and waterway use. 

The total area of hyacinths as computed from the survey in 
the State of Florida is 62,991 acres. Of this amount, 3,967 acres 
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were classified sparse; 21,934 acres moderate; 22,801 acres dense; 
and 14,289 acres very dense. 

Among the more heavily infested waterways of the State are 
the Kissimmee, St. Johns, Withlacoochce, and Peace Rivers, with 
their tributaries. Hyacinths were found in 55 of 07 couniies of 
Florida. Over one-half of the hyacinths in Florida wore found 
in the following five counties: Polk, Okeechobee, Highlands, Palm 
Beach, and Volusia. 

Of course, it will be appreciated that the area and location 
of hyacinths vary with the wind, floods, weather, and other fac¬ 
tors, such as propagation. So the area, location, and density of 
hyacinths, if resurveyed today, would unquestionably differ 
somewhat from that made in 1946-47 or from a survey made 
say 2 years hence. It is believed the information obtained is ac¬ 
curate and adequate for use in the forthcoming report of the 
South Atlantic Division Committee scheduled for completion 
November 1, 1948. 

In Figure 1 is to be found a very small scale reproduction of 
Map No. 8 as typical of the 9 required to cover the whole State 
for the purposes of this survey. Inasmuch as No. 8 covers the 
Kissimmee River from its upper reaches to Lake Okeechobee, it 
is about as typical as any of them and at the same time represents 
about as many hyacinths. 



ALLIGATOR WEED—A NEW MENACE FOR FLORIDA 

L. S. Evans ’■ 

Alligator weed, sometimes called alligator grass {Alter- 
twnthvm philoxoideH) (Mart.) or {Achyrauthes phUoxc}aides) 
is a member of the Amaranth family closely related to pigweed. 
It is commonly found in ponds, ditches, bays, and sluggish 
streams where it forms floating mats over extensive areas crowd¬ 
ing out other plants. Alligator weed is a native of Central and 
South America and according to Penfound it was discovered in 
the New Orleans area in 1898 by R. S. Cocks. 

The plant usually becomes established in wet soil near the 
water’s edge and then extends downward and out over the water 
by means of horizontal floating stems. Flowers are produced 
on vertical shoots growing from the prostrate stems. Since vi¬ 
able seed is not normally produced vegetative propagation is the 
principal means of spread. The roots when in water do not pene¬ 
trate the .soil, but do grow into the soil when washed ashore or 
otherwise grounded. If stems are broken mechanically, pieces 
as small as a single node can produce shoots and roots, thus 
establishing a new plant. 

Distribution : Alligator weed is locally abundant in the lakes, 
bay and sluggish streams around Jacksonville and has been ob¬ 
served as far south in Florida as Ocala by the speaker. Localized 
infestations in the vicinity of Miami have been recently reported. 
This pest is also known to occur extensively in Louisiana, and to 
some extent in South Carolina, Georgia, Mississippi, Alabama, 
and Texas. The rapid spread indicates more effective methods 
of dispersal than the simple matter of vegetative reproductive 
segments drifting downstream. Lynch reports that alligator 
weed has already destroyed a vast acreage of valuable waterfowl 
and muskrat marshes, and is now threatening the salt-water 
fisheries of inner coastal waters of Louisiana. 

He considers this plant a more serious threat to wildlife and 
fisheries than water hyacinth because it thrives on dry land and 
in fresh and brackish marches. Russell reports that where water 
hyacinth and alligator weed compete for dominance in shoal 
waier, the latter is capable of excluding the former. When grow¬ 
ing in association they form floating mats, the stage preparatory 
to development of flotant (floating marsh). In the half century 
since the introduction of these two species the flotant has devel¬ 
oped at a revolutionary rate in Louisiana with the result that 
greater changes have occurred in the marshland than in the 
twenty centuries preceding, according to some authorities, and 
a large part of open waters have disappeared. The implications 
here are unmistakable. 

—Agronomist, Bur. Plant Industry, Soils and Agidcultural Engineer¬ 
ing, U. S. Dept. Agriculture, Bcltsville, Md. 
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Contiol measures: Enouirh experimental work has been done 
with alligator weed to make it clear that control measures suit¬ 
able for use against this plant in its terrestial habitat ai'e not 
equally effective against it in its aquatic habitat. Arceneaux, et 
al, compared the effectiveness of flaming, hoeing, and 2,1-D in 
controlling this weed in sugar cane fields in Louisiana. The most 



1.—^Alligator weed, Altemanthera pMloxoidea (Mart.), one of our 
woist water weeds that usually makes its start on wet land adjacent, has 
been a common pest in Louisiana foi many years. Its invasion of upper 
Florida waters is the proper concern of the present discussion. Note blos¬ 
soms and free rooting at nodes of stems. 
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effective method was found to be 2, 4-D. Yields of cane were in¬ 
creased by 5 tons per acre in this case. The sprouts which re¬ 
generated following 2, 4-D were spindly and lacking in vigor. 
These plants were effectively suppressed by crop competition. 
No measurable effects on the cane resulted from 3 repeated 
sprayings with 2, 4-D aggregating 4<2 lb. of acid equivalent per 
acre. This is approximately twice the amount needed for satis¬ 
factory weed control. Complete eradication or even major dec¬ 
imation cannot, as a rule, be expected from a single applica¬ 
tion. From repeated spraying at appropriate intervals, progres¬ 
sive destruction of the underground system may be expected. 
From 3 to 5 weeks should elapse between applications of spray. 
High temperature and high level of vegetative activity are fac¬ 
tors which tend to intensify the effect of 2, 4-D. 

Applications of 2,4-D to alligator weed growing in water will 
kill all emergent growth but regeneration occurs from the sub¬ 
merged stems with monotonous regularity within two weeks 
after treatment. Four applications of a dilute 2, 4-D spray made 
at 3 to 7 week intervals during the growing season greatly re¬ 
duced the reserve food supply of the plant as judged by the vigor 
of recovering plants. It has not been determined how long such 
a treatment would have to be continued to bring about eventual 
eradication. In the absence of water level control, eradication 
of alligator weed with present herbicides will be difficult and 
expensive. Nevertheless, consideration should be given to a 
chemical measure in an effort to confine localized infestations 
in view of the potential serious threat which this plant presents. 

Leas is known about mechanical control measures but it has 
been reported from Louisiana that crusher boats used for hya¬ 
cinth removal have been successfully used for removal of alli¬ 
gator weed. Effective removal of this plant by the use of the 
“saw-boat” or hyacinth cutter is not very promising because of 
the numerous reproductive fragments which would result from 
sectioning the stems. There is, in fact, reason to believe that 
the continued use of saw boats on alligator weed will be a ma¬ 
terial aid to the spread of the plant. 

In the absence of more effective control measures alligator 
weed is a serious menace to the agricultural economy of southern 
Florida. The problem will be somewhat simplified by early recog¬ 
nition and treatment of localized infestations. 



THE EFFECT OF AQUATIC WEEDS ON FLOW IN 
EVERGLADES CANALS^ 

Dean B. Bogart' ' 

The major canals of the 
Everglades were designed care¬ 
fully according to the knowledge 
and data available at the time 
and their construction repre¬ 
sents a sizable capital invest¬ 
ment. It is an unhappy but un¬ 
deniable fact that the benefit of 
this capital investment has been 
only partly realized for long 
periods of time because of the 
effect of aquatic weeds on the ef¬ 
ficiency of the canals. Thus the 
care of the designers was nulli¬ 
fied in considerable measure by 
their inability to allow for a fac¬ 
tor that developed later. In fact, 
they could not allow for the fac¬ 
tor because it has no dimensions 
in the ordinary sense and the 
defect of omission cannot be held 
DEAN B. BOGART against them. The problem was 

more one of maintenance. 

There are many aquatic weeds, and many weeds that tolerate 
much moisture, but those discussed here are the common ones 
known as water hyacinth, coon-tail moss, nigger-wool, and Para 
grass. Many other aquatic weeds exist in the Everglades but it 
will take someone like Mr. Erdman West to identify and name 
them for you, which he has done on pages 16-20 of this volume. 

Hyacinth Jams 

The water hyacinth has been the most widespread weed in 

—This paper was to have been presented by both Mr. B. S. Clayton 
and the writer. Shortly before the 9th Annual Meetine: of the Soil Science 
Society of Florida, Mr. Clayton, Drainage Engineer for U. S. Soil Conser¬ 
vation Service at Belle Glade, Florida, was assigned to special duty in 
Washington, D. C., and could not attend the meeting. He organized the 
joint investigation of friction effect of hyacinth cover on canals by the 
U.S. Geolopcal Survey and the U. S. Soil Conservation Service. With Mr. 
Edward King, he performed part of the field work on the slope-area reach 
of North New River Canal and all of the field work on Cross Canal. The 
computations of the friction coefficients were made by Mr. Clayton. 

—^Hydraulic Engineer in charge of surface-water investigations in 
Southeastern Florida, U.S. Geological Survey, Miami. Transferred to Al- 
1949. Published with the approval of the Director of 
the U.S. Geological Survey. 




the canals. This prolilic plant, with its remarkably beautiful 
flower, has been the cause of much Krief, and many thousands 
of dollars have been spent on trying to control it or even to j ust 
get by with the problems it presents. 

Yon will notice that I have used the form “has been” several 
times in the previous paragraph, as though the hyacinth prob¬ 
lem were a thing of the past. It has not been eliminated as yet, 
but JOHNSON' has shown that it can be controlled in the Ever¬ 
glades. This simple statement, however, belies the magnitude of 
the work that made it possible to see the water surface of the 
canals again. 

Probably the most obvious effects of the hyacinth on canals 
are the jams that occur at bridges and water-control structures. 
Hyacinths, either singly or in groups, often move with the cur¬ 
rent or are propelled by the wind and lodge very easily on any 
obstruction they may encounter. Despite their apparently frail 
structure, these succulent plants can make a surprisingly firm 
mass that requires considerable effort and ingenuity to remove. 
The stability of hyacinth jams is such that men can walk on 
them without fear of breaking through, as shown in Figures 
1 and 2. When a jam has begun to accumulate on an obstruction, 
the current forces arriving plants against the edge of the jam 
and rolls some of them underneath the jam where the stems, 
leaves, and roots interlace and, in effect weave a solid mass. The 
development of a hyacinth jam then is a combination of accre¬ 
tion in area and a rolling-under action that increases the vertical 
dimensions of the mass. 

Where the jam may have a semi-detached status, buoyancy 
of the plants may cause the mass to build up as much as 10 feet 
above the surface of the water, as in Figure 1. If such a jam is 
loose enough, the pile of plants may resemble a volcano, with 
plants rising slowly through the center of the mass and rolling 
down the slope. Some of the plants may even be rolled under 
again, thus establishing a cycle of movement. This kind of jam 
does not occur very often. 

The more-common type of hyacinth jam is shown in Figure 
2. Here the plants accumulated on bridge piers, but, instead of 
building up, the jam built down and horizontally. Thus a mass 
of plants about 6 feet deep developed out from the piers and 
ultimately extended from bank to bank of the canal. The jam 
was laboriously cut into rafts of weed by using 6-foot timber or 
ice saws. It is expensive to remove such jams and in the aggre¬ 
gate the.v have cost the Everglades area many thousands of dol¬ 
lars directly, not to mention the less obvious costs of lost canal 
efficiency. Dynamite has been used to break up some jams, but 
this herioc measure is seldom employed. 

A unique block occurred in the West Palm Beach Canal in 
which hyacinths jammed both high and deep. In this case it 
was necessary to hack trenches about 4 feet to the water surface 
and then cut below that with the 6-foot saws. 



Figure 1.—Mass of hyacinths caught on shoal just below con- 
tiol and lock in West Palm Beach Canal at U. S. Highway 1; 
action of fast-movmg watei piled the giowth more than 10 
feet higher than the water suiface. 



at F.E.C. Railway bridge at West Palm Beach, 
Florida. Workers have cut large section loose with 6-foot 
timber saws and are starting to move it through bridge. When 
jam moves freely, workers run for ladder which is lashed to the 
farthei pier. 








The building of bridges with a number of shoi’t spans caused 
many hyacinth jams to form in the narrow channel openings 
of the bridges. This resulted in the establishment of a set of 
regulations I EVERGLADES DRAINAGE DISTRICT,'! that 
require a principal clear span of 29 feet in any bridge across a 
major canal. 

Little research has been done on the blocking effect on canals 
caused by hyacinth jams, but as much as a 2-foot backwater 
effect has been observed at controls in the Everglades canals. 
It has been reported that flow in lateral canals can be stopped 
entirely by hyacinth jams. 

The Equations op Flow 

The flow of water in any channel (or conduit) is expressed by 
the basic equation: 

Q = av (1) 

where Q — the rate of flow, in terms based upon the unit in 
which a and v are expressed; it is usually in cubic 
feet per second (c.f.a.). 

0 = the area of the channel, in cross-section. 

V = the mean velocity of the water in the section. 

As a can be measured or designed quite easily, the equation ap¬ 
pears simple, as indeed it is for certain purposes. The factor v 
can be measured in existing channels, but when it comes to com¬ 
puting V, complications arise. The velocity of flow in an open 
channel can be expressed in the fairly simple equation known as 
the Manning formula, which probably is the most used of flow 
equations: 

V = 1.486 r% s% (2) 

n 

The Manning formula is combined with equation (1) to ar¬ 
range all the factors of flow in one question when the volume of 
flow is the answer sought: 

Q — 1.486 ar% .s‘% (3) 

n 

The volume of flow in an open channel, then, can be ex¬ 
pressed by four interdependent variables which are used in all of 
the best known equations: 

1. Area (a ).—Discharge of a channel obviously varies directly 
with the cross-sectional area—^the larger the channel, the great¬ 
er the discharge, and so on. 

2. Hydraulic Radius (»•).—^Although the discharge of a chan¬ 
nel varies directly with the area, the proportions of the channel 
have an effect on the volume of discharge. For channels with 

—Backwater eifect is a measuie of the rise in the level of a canal or 
stream caused by an obstruction; it resembles the reaction of a waterway 
to a submeiged dam. 
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a cross-sectional area, say, of 1,000 square feet, it is obvious 
that a channel 100 feet wide and 10 feet deep is more eliicient 
(from several viewpoints) than a channel 500 feet wide and 
2 feet deep. The contact of moving water with the sides and 
bottom of a channel causes a certain amount of turl)ulcnce and 
friction loss; and the greater the area of contact, the greater 
will be the friction loss. This feature of the proportions of a 
channel is taken care of by a factor known as the hydraulic 
radius, which is the ratio of the cross-sectional area of the 
channel to the wetted perimeter of the channel. The wetted 
perimeter is that portion of the perimeter of the cross section 
where the water and the ground material are in contact. As 
shown in equation (3) the discharge varies as the two-thirds 
power of the hydraulic radius. 

3. Slope (s).—The slope of the water surface of a channel 
also affects the discharge—^the steeper the slope, the greater 
the discharge, and conversely. The slope is measured in a verti- 
tical plane parallel with the current. The discharge of a chan¬ 
nel varies as the square root of the slope, rather than directly 
with the slope. 

4. Friction Factor (ti)-— The flow of water in a channel is a 
function of the quality of the surfaces of that channel; that is, 
the relative smoothness or roughness of the channel. A smooth 
concrete flume surely will carry more water than a brushy or 
stony channel of the same dimensions. This problem is met 
by the inclusion of a coefficient of roughness, or friction factor, 
which appears in the denominator of the Manning formula. 
By the mathematics of the equation the greater the value of 
n, the less will be the amount of discharge, other factors being 
the same. Therefore, the value of n increases with the rough¬ 
ness and turbulence-producing features of channels. 

The assigning of a value of n for an existing or a proposed 
channel is one of the more difficult problems of hydraulics. 
It is an empirical factor, evaluation of which has been obtainecl 
from numerous measurements of flow covering a wide range 
of channel conditions. Because the value of « has a fairly 
narrow range for ordinary channels, a difference of a few 
points in selecting the value means a sizable difference in the 
discharge being computed. Typical values of ?/ that were as¬ 
sembled by HORTON“ are listed in Table 1. These values are 
not fixed, but the tabulation is highly useful as a reference 
base for general design and computation purposes. The se¬ 
lection of a proper value of n is one of those things that are a 
matter of experience. 

Another part of the friction loss in open-channel flow is 
that caused by contact of the air with the surface water. This 
friction loss is definite but for most purposes it is so small 
that no attempt is made to evaluate it. The easiest way to ap¬ 
preciate that air-water friction is real is to observe the develop- 
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TABLE 1.— Values OP » pok Use en the Kuttee and Manning Formulas; 
Prepared by B. E. Horton.- 


Chaimel characteristics 

Best 

Good 

Pair 

Bad 

Canals and Ditches: 

Earth, straight and uniform 

0.017 

0.020 

0.0225 

0.026 

Rock cuts, smooth and uniform 

.025 

.030 

.033 

.035 

Rock cuts, jagged and irregular 
Winding sluggish canals 

.035 

.040 

.045 


.0226 

.025 

.0275 

.030 

Dredged earth channels 

.026 

.0276 

.030 

.033 

Canals with rough stony beds, 
weeds on eaith banks 

.025 

.030 

.035 

.040 

Earth bottom, rubble sides 

.028 

.030 

.033 

.035 

Natural Stream Channels: 

(1) Clean, straight bank, full 
stage, no rifts or deep pools 

.025 

.0276 

.030 

.033 

(2) Same as (1), but some weeds 
and stones 

.030 

.033 

.035 

.040 

(3) Winding, some pools and 
shoals, clean 

.033 

.035 

.040 

.046 

(4) Same as (3), lower stages, 

more ineffective slope and sections 

.040 

,045 

.050 

.055 

(5) Same as (3), some weeds 
and stones 

.036 

.040 

.045 

.050 

(6) Same as (4), stony sections 

.046 

.050 

,055 

.060 

(7) Sluggish river reaches, 
rather weedy or with deep 
pools 

.050 

,060 

.070 

.080 

(8) Very weedy reaches 

.076 

.100 

.126 

.150 


ment of wave action and to consider the magnitude of the forces 
involved. 

The discharge of a channel is expressed by equations other 
than the Manning formula. The oldest of these, and an apparent¬ 
ly simple one, is the Chezy formula: 

v = C\rs (4) 

The terms r and s are the same as described in the preceding 
section. The term c corresponds in part to the n in the Manning 
formula but is of a different magnitude. 

The selection of c in the Chezy formula was made more posi¬ 
tive by the development of the Kutter formula: 

c = 41.65+ 0.00281 + 1.811 (5) 

s n 

1+ n /41.65+0.00281\ 

VF\ s / 

You will note the Kutter formula incorporates the same factors 
that were used in the other equations noted in this paper. It is 
a somewhat cumbersome equation which gives a roughness co¬ 
efficient (c) by introducing a second roughness coefficient (w). 

The Manning formula originally was developed also to pro¬ 
vide the value of c in the Chezy formula, but because of its con- 
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venienre it is usually written in the form of equation (3). Both 
the Kutter and the Manning formulas give comparable results 
if the person who selects the values of n is accustomed to working 
both formulas. Most investigators, however, work with one or 
the other of the formulas, and, owing to its simplicity, the Man¬ 
ning formula probaly is the most used. 

Weed Effect On Dischaege 

The several equations noted in the preceding section are ar¬ 
ranged for computing v or Q. In this paper, the equations have 
been used to compute c and n, which are measures of the rough¬ 
ness and the efficiency of channels. Although values of c are 
tabulated, the principal discussions are concerned with the value 
of H, as used in the Manning formula. 

As n is a direct mathematical factor in the equation of flow, 
the ratio of two values of n can be considered a measure of 
efficiency: 

for a clean channel, )i = .032 

for same channel, weedy n = .060 
efficiency of channel = .032 x 100 = 53 per cent 

.060 

This is, for the same hydraulic radius and the same slope, 
the water-carrying capacity of the channel was reduced to 53 
per cent by the weed condition (hypothetical). 

In an ordinary channel, the water surface of which is clear, 
the flow of water near the banks and bottom is subject to turbu¬ 
lence, in degree according to the roughness of the banks and 
bottom. The amount of turbulence varies not only with the 
roughness, but for a given roughness, varies also with the ve¬ 
locity. As velocities approach zero, the turbulence will be very 
small and relatively unimportant. With water flowing at high 
velocities, the turbulence may be very large, and the friction loss, 
therefore, may be considerable. 

The principal part of the water hyacinth is above the surface 
of the water, owing to the buoyancy of the plant. The fern-like 
roots, however, extend as much as twelve to eighteen inches be¬ 
neath the surface of the water, as shown in Figure 7. When a 
canal is completely covered with hyacinths, thousands of roots 
hanging beneath the plants may occupy the canal to an average 
depth of say 1 foot. This is a reduction of the cross section of 
the canal, and in a canal 10 feet deep would cause a reduction in 
area of 10 per cent, which is demonstrated by the position of a 
in the Manning formula, equation (3). A lateral canal only 6 
feet deep would have a reduction in area of 20 per cent and an 
indicated reduction in efficiency to 80 per cent. Thus, it can be 
seen that the simple reduction in channel area may be a very 
important factor in the efficiency of canals, a factor that increases 
in importance as the size of the canal decreases. 
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The reduction of cross-sectional area is not the principal 
problem caused by hyacinth cover in a canal. The roots of hya¬ 
cinths, tender and fragile though they may be, have an effect that 
is the same as that caused by rough sides and bottoms of canals. 
The roots cause a surprisingly large amount of friction loss by 
inducing turbulence in the water. With complete hyacinth cover, 
a canal becomes in effect a closed conduit and there is no fi'ee 
water surface—see Figures 3 and 7. Although the mat of plants 



Figure 3.—Complete cover of mature hyacinth on North New 
River Canal at South Bay, Ploiida. View is downstream along 
centerline of canal. Wilted plants in foregiound were sprayed 
with 2, 4-D two days before photograph was taken. 

can rise and fall with changes in water level, it continues to re¬ 
strict flow, whatever the depth of water. 

On a large canal the reduction of efficiency is as great as 50 
per cent. This means that unless the canal is maintained clear 
of hyacinths, about one-half of the capital investment of the 
canal is not realized. Consider the state of the canals in the Ever¬ 
glades for a period of years prior to 1947, and you will realize 
what a lot of money was wasted because of the inability to cope 
with the hyacinth problem. 

Hyacinths are not the only aquatic weed that reduces the flow 
in the Everglades canals—see the line-up of obnoxious weeds 
on page 23 in this volume. The term “nigger-wool” (a naiad?) 
is used in the Everglades to designate a wide variety of bottom- 
rooted weeds, the scientific names of which the writer does not 
know and, therefore, nigger-wool will be used here for the sake 
of simplicity. These bottom-rooted weeds usually exist only in 
the absence of hyacinths. Apparently they need the sunshine 
that a hyacinth cover intercepts. They are wonderful plants 
which in their way are just as prolific as hyacinths, attaining 
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lengths as great as 25 feet and rising in graceful arcs to the 
surface of the water. In mass they constitute a very effective 
barrier to flow, such that a maior canal might have an indicated 
efficiency of only 10 per cent. These bottom-rooted weeds, there¬ 
fore, can outdo hyacinths as a pest. Some extreme examples of 
this condition are shown in Figures 5 and 6. 

Nigger-wool also forms serious jams at bridges and control 



Figuie 4—A sizable canal m peiiod of extieme di ought, with 
a variety of aquatic weeds and water-toleiant weeds essentially 
blocking all flow. View is to south along Kiomc Avenue Canal 
fiom the Tamiami Trail, at a point 17 miles west of Miami 

structures. In rainy periods as the water in a weedy canal rises, 
a certain amount of flow occurs which gradually overcomes the 
weed by making it lie flatter and depressing it toward the bot¬ 
tom of the canal. Flow then occurs only in the upper part of the 
cross section, and as the velocity of flow increases, the plants tend 
to break up and move downstream. It is probable that the roots 
remain in place, however, unless the bottom of the canal scours 
in considerable degree, and the stage is thus set for a regrowth 
of the plants. Experience in the field indicates the possibility 
that plants of this nature tend to break up not only from the ac¬ 
tion of moving water but also from the reduction of air tempera¬ 
ture in the fall of the year. The writer does not know if any 
research has been done along these lines, and points out the dif¬ 
ficulty involved in such research because the higher velocities 
in the canals often occur at the time when the weather becomes 
cooler. 

When nigger-wool breaks up, whatever the cause, it moves 
downstream and often collects in large masses. These collections 
become as large as 20 feet in diameter, and, because the plants 
have nearly the same density as water, the masses may be sev- 
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oral feet thick Under certain conditions, apparently when the 
plants have lost their small amount of buoyancy, clumps of weeds 
are submeigcd and move downstream with none showing at the 
surface. 

Like hyacinths, the detached nic:ger-wool torms lams at 
bridges and water control structures While the lams ordinarily 
are not as extensive as the larger hyacinth lams, they may cause 



Figuie 5—Efficiency of canal leduced to about 10 peicent by 
long sticameis of weed; view east along Tamiami Canal neai 
Miami city limits 


just as much restriction to flow. The plants are soft but tend to 
pack hard against obstructions and have to be cut away with 
long-handled choppers. 

The possibilities of damage from weed jams are well demon¬ 
strated in a report by JOHNSON,'. Aquatic weeds started break¬ 
ing loose in one of the larger canals of Lake Worth Drainage 
District. A mass of the growth accumulated and continued to 
increase in size by a rolling action similar to that of a snowball. 
The large mass of weeds lodged on an obstruction (apparently 
a bridge or water control) and completely clogged the canal. As 
head developed on the plug thus formed, water by-passed the 
plug and a washout developed. This continued until the washout 
was about half the size of the canal section and head loss at the 
constriction was reduced to a negligible amount. The event oc¬ 
curred in a region of deep sand, but a similar washout could 
occur in areas of other soils. 

In drought periods, a variety of water-tolerant plants tend 
to establish themselves in shallow canals, as shown in Plate 2-B. 
Most of these plants do not thrive in deep water but for long 
periods they can make the efficiency of a canal very low and 
even stop flow altogether. 
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Not shown in any of the illustrations of this paper, but ap¬ 
pearing on page 17 of the paper by West is Para grass. This 
luxuriant plant is what Mr. West calls a banker. It roots on the 
banks of a canal but tends to grow out through and on the water 
and may cause a serious reduction in canal capacity. This pest 
(as far as canals are concerned) has caused trouble in ditches 
and laterals for many years, but only recently has it affected the 



Figure 6.—A major canal in which discharge capacity is greatly 
reduced by heavy growth of bottom rooted weeds; view of 
Miami Canal at Pennsuco. The small amount of hyacinths 
shown is a rarity in the lower Miami Canal and is the most 
seen in 7 years of intensive inspection along the canal. 


larger canals. In the spring of 1949, Para grass had encroached 
on Hillsboro (3anal at Belle Glade from both banks (As shown 
in the photo cited above) and the visible surface of this 70-foot 
wide canal was reduced to a narrow lane about 20 feet across. 
Just what was occurring beneath the surface was not determined, 
but it is likely that the efficiency of the canal was less than 50 
per cent. 

Other crawling bankers tend to move out on and through 
hyacinth cover on a canal, and, by weaving themselves through 
the hyacinth plants, help develop a mat of weed that is extremely 
hard to break up. The writer has seen this condition at numerous 
locations in the Everglades but the outstanding example of this 
sort was where pigweed 10 feet high was growing on top of the 
hyacinth and intertwined bankers. One other example of ex¬ 
treme weed condition comes to mind, when some enterprising 
citizen had beaten the weed growth down to a flat surface, where 
mixed with muck, it had formed what was practically a soil. 
There, on top of about 8 feet of water, this person had planted a 
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seed bed and garden. Needless to say, a jam of this stability is 
very hard to destroy. 

North New River Canal 

In 1942, Mr. B. S. Claylon laid out a half-mile slope course on 
North New River Canal at the Palm Bcach-Broward county line. 
At that time there was only a narrow fringe of hyacinth plants 
along the banks of the canal and there was evidence that, with¬ 
out any maintenance, the canal would be covered with hyacinths 
within a year or two. Discharge was measured with a variety of 
water conditions by engineers of the U. S. Geological Survey 
and the water slope was measured at the time of each discharge 
measurement. Additional observations were made as the fringe 
of hyacinths increased and ultimately the surface became en¬ 
tirely covered, making it necessary to hack an opening across 
the canal in order to make the observations. One of the dif¬ 
ficulties in doing this kind of work in the Everglades is the flat 
water slope usually encountered. Despite this limitation, the 
computations show a gratifying degree of consistency. 

Some of the basic data from the discharge measurements and 
the roughness coefficients computed from the data are shown in 
table 2. Coefficients were computed using all three of the princi¬ 
pal discharge formulas—Chezy, Kutter, and Manning. It will 
be noted that the values of n increased as the amount of hyacinth 
cover increased, to a point where the efficiency of the canal was 
only about 40 per cent of the efficiency when the surface was 
free of hyacinths. Although values of ti often are used inter¬ 
changeably in the Kutter and Manning formulas, the results of 
these observations show a significant difference between the 
values of h computed by the two formulas using the same base 
data. 

Referring to Table 2, the « = 0.022 (Manning) for the ob¬ 
servations on May 22, 1942, shows that the reach selected for 
the study was in surprisingly good condition. The writer believes 
that n — 0.030 or u = 0.035 is generally used for designing lai'ge 
canals in the Everglades. It is interesting to note the increase in 
the value of n as the fringe of hyacinth developed along the 
banks. The «=0.033 on June 13,1942, may be larger because of 
the increase in velocity, but it is believed that most of the increase 
can be attributed to the encroaching hyacinth mat. The obser¬ 
vations made in 1943 and 1944, when North New River Canal 
was completely covered with hyacinths, show the notable in¬ 
crease that occurred in the roughness coeflScient. The value of n 
ranged between 0.048 and 0.069 and a fair average would be 
0.055, although this would in part depend upon the depth and 
velocity of the water. Thus, n increased 2.5 times, and the re¬ 
ciprocal of this change, 0.40, or 40 per cent, is a measure of the 
water-carrying capacity of the canal. 



TABLE 2. _Computation op Roughness Coefficients for Slope Course On New River Canal in the Florida 
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TABLE 3. —Computations of Roughness Coefficients for Slope Course On Cross Canal in the Florida Everglades 
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Ceoss Canal 

Another studv was made (entirely by Mr. Clayton) on Cross* 
Canal near the Haney and Wedjreworth farms in 1910-42. Ooss 
Canal is .«maller than North New River Canal and apparently 
was not in as goc.d condition as the larger canal. This is shown 
in table S where the value of n averaged 0.045, with no hyacinth 
cover, which is just about twice the value of n for North New 
River Canal when clear and indicates a considerable degree of 
roughness or unevenness in the .sides and bottom of Cross Canal. 
When the canal was new, « probably w'as somewhat lower. 

The second part of table 3 shows conditions in Cross Canal 
with a dense growth of hyacinths on the surface. The value of n 
ranged from 0.080 to 0.092, and averaged 0.086. This indicates 
a reduction of efficiency to 52 per cent and again demonstrates 
in what large degree hyacinth cover can affect a canal. It is un¬ 
fortunate that the observations were taken when the range of 
discharge was relatively small. However, recalling the condition 
of Cross Canal at that time, it is probable that not much more 
than the maximum flow observed (177 c.f.s.) could have occurred 
in the canal. 


Mumi Canal 

For some unknown reason, and this itself might make an 
interesting study, hyacinths were not a problem on lower Miami 
Canal in the period of observations by the U. S. Geological Sur¬ 
vey. As shown in plate 3-B, the only hyacinths ever seen were 
a few small colonies which did not develop into the complete 
cover that infested the other major canals of the Everglades. 
However, from the junction of South New River Canal to the 
edge of the city of Miami the canal was host to a number of 
prolific bottom-rooted weeds. The most extensive one of these 
weeds has been identified to the writer by Mr. West as a vaiad — 
see page 23 in this volume. Whatever its identity, the weed 
found conditions to its liking and usually had an annual period 
of growth that for long reaches filled Miami Canal from bank to 
bank and from top to bottom. As shown in Figure 5 it also oc¬ 
curred m Tamiami Canal (in many other canals, too). 

This naiad, by forcing the water to follow a tortuous path 
around thousands of stems and leaves, reduced the efficiency of 
Miami Canal in amazing degree. No specific studies were made 
to determine the loss of efficiency, but useful information may 
be gleaned from the stream records maintained on the canal 
since 1939. Some comparative figures for selected dates are 
shown in Table 4, which illustrates the weed problem in terms 
of stage, slope, and discharge rather than from the standpoint 
of the roughness coefficient. 

The data were selected on the basis of a nearly constant drop 
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(or fall) between the water-stage gages at Pennsuco and at the 
water plant in Hialeah—in this case ranging between 2.6 and 
2.8 feet. As an additional basis for correlation, the staues for 
the two recording stations also are listed. 

TABLE 4.—Stage, Slope, and Dischabc.e of Miami Canal on 
S n,E<’TBI) Datls 



Moan staj?c*, in foot, 
m.s.]. datum 

Pall, in fool 
Pennsuco to 

Dischaij*o 
in c.f.s. at 

Date 

Pennsuco 

Watoi plant, 
Hialeah 

Water plant 

Water plant 

1944 





May 14 

3.9 

14 

2.5 

500 

June 1() 

3.2 

.7 

2.5 

160 

July 2 

2.9 

.4 

2.5 

80 

Oct. 3 

4.4 

1.6 

2.8 

340 

Nov. 23 

4.4 

1.8 

2.6 

700 

1946 





Sept. 8 

4.6 

2.0 

2.6 

900 


'' Mean stage is used because canal was affected by tidal backwater. 


The series of five dates in 1944, in Table 4, show nearly a 
cycle covering the extreme weed situation of that year. On May 
14 the flow was 500 sec.-ft. and the reach of canal was infested 
with weed. By July 2, with the same amount of slope, the dis¬ 
charge had decreased to 80 sec.-ft.—an indicated efficiency of 
16 per cent, based on the May 14 data. Discharge increased in 
the fall of the year and on October 8 was 340 sec.-ft. and on No¬ 
vember 23 was 700 sec.-ft., with slope conditions nearly the 
same on both dates. The increasing discharge shows that the 
weeds were pretty well beaten down or broken off by the No¬ 
vember observation. 

If the July 2 and November 23 data are compared, the July 
2 condition shows an indicated efficiency of about 11 per cent, 
which is certainly worse than anything experienced with hya¬ 
cinth cover in the larger canals. Similar data for September 8, 
1946, are included in Table 4 to show that a discharge of 900 
sec.-ft. occurred with the same drop between the two observation 
stations. 

Eased on these data, it is safe to suggest that efficiency of a 
canal may be reduced to only 10 per cent when one of the miads 
and other bottom-rooted weeds take over. In looking at Table 4, 
the reader may point out thal the data are not entirely consis¬ 
tent in that the stages shown for Pennsuco and Hialeah are not 
the same for the several dates noted even though the amount of 
drop is essentially the same. This defect is admitted, but it may 
be argued that the approximately 1.5-foot range of stage in the 
1944 series of readings does not nearly account for the variation 
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in discharge. The problem was one of magnitude and the con¬ 
dition reported does not necessarily represent the worst con¬ 
dition that obtained in 1944. 

It may be interesting to note that an attempt was made to 
cut weed growth of this nature in Miami Canal. In 1944 at the 
height of the dry season the salt intrusion situation in lower 
Miami Canal wa.s such that the principal municipal water supply 
(at Miami Springs) was in serious danger of contamination by 
salt water that had advanced up Miami Canal to near the well 
field area. Emergency measures were taken by the city of Miami 
to protect the water supply and to augment flow of fresh water 
toward the well field. As part of these measures, the thick weed 
growth was cut in a 2.5-mile reach of Miami Canal southeast of 
Pennsuco. A double-edged saw, very narrow and flexible, but 
90 ft long, was moved along the canal in a sawing motion and 
about 50 per cent of the cross-section was freed of weeds. Un¬ 
doubtedly more water was able to move downstream because of 
this w’ork, but the over-all success of the project could not be 
determined because rainfall complicated the observations. 

CONCLUSIONS 

It has been shown that where a large canal is covered with 
hyacinths the efficiency of the canal as a water carrier may be 
reduced to 40 per cent. This means that the capital investment 
likewise may be only 40 per cent effective and may in part ex¬ 
plain the cause of some of the financial difficulties of the Ever¬ 
glades area in the period 1930-45. Thus, more benefit per dollar 
spent on maintenance can be and has been realized by removing 
the hyacinth cover on the canals than in any other way possible. 
Even though the canals never were finished according to the 
original design, the improvement afforded is worth many times 
the cost involved. Rarely, in engineering, is it possible to achieve 
a relative increase in efficiency of any facility from 50 to 100 
per cent (based on original conditions) for a maintenance cost 
say of only part of 1 per cent of the capital investment, 
JOHNSON.^ 

Up to recently, the difficulties of hyacinth cover and weed 
growth were appreciated by those who operated the canal sys¬ 
tem of the Everglades, but even they did not know the real mag¬ 
nitude of the problems involved. In recent years, work similar 
to that reported here has provided an evaluation of some of these 
problems and also has provided a sound working basis for im¬ 
provement. Unfortunately, some of the most pertinent studies 
have been made secondary to the general water problems of the 
Everglades, but enough information has been obtained so that 
definite designing and planning can again be undertaken, this 
time with a much greater degree of confidence. Any reader who 
has studied intensively the data in Tables 2 and 3 may have 
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wondered why the loss of efficiency in North New River Canal 
with hyacinth cover was greater than the loss in Cross Canal; 
particularly, as North New River Canal is the larger and should 
have been affected less by the cover. Based on his experience 
on these two canals the writer can give no positive answer, ex¬ 
cept to point out that Cross Canal has been a very poor carrier 



Figure 7.—Portrait ot a hyacinth plant and one of its “Offsprings.” The 
small plant at the right is from a stem that has emerged from the crown 
of the larger plant. This is thought to be its principal means of propaga¬ 
tion. Note also the long root mass that is only partly shown that normally 
is suspended, full len^h, in the water and is the cause of so much loss of 
flow in a channel which has its surface covered by such a growth. 
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of water and apparently contains obstructions or a large measure 
of roughness that does not occur in North New River Canal. 
This is shown by the higher value of « for both clear and hya¬ 
cinth cover conditions in Cross Canal. It also suggests that hya¬ 
cinth cover was not the only weed condition that reduced flow 
in Cross Canal. 

Mr. Clayton made some further computations which are 
listed in Table 5. In July 1947, when the great Everglades flood 
was developing, the writer made a discharge measurement of 
North New River Canal at the slope reach. The actual observa¬ 
tions are noted in Table 5 and from them n = 0.032 was com¬ 
puted. The discharge was relatively high and there was no hya¬ 
cinth cover. As item No. 1, Mr. Clayton has taken the same in¬ 
formation and computed the discharge using u = 0.055 as ob¬ 
tained when there was hyacinth cover on the canal. This shows 
a decrease of discharge from 1,050 to 620 sec.-ft., a reduction of 
about 40 per cent. It was fortunate for the Everglades that the 
hyacinth cover on the major canals had largely been removed 
by the time of the great flood. The writer does not mean to imply 
that the hyacinth mat was a deciding factor in the severity of 
the flood, but he does believe that the period of flood conditions 
was sensibly shortened because the hyacinths had been removed. 

As items Nos. 2 and 3 in Table 5, Mr. Clayton increased the 
stage, that is, the depth of the water by two-foot increments and 
figured the resulting discharge using the same slope of the water 
surface. These computations show that with the canal covered 
with hyacinths, it would have been necessary to have four more 
feet of water to produce the same amount of flow that occurred 
on July 23, 1947, when the canal was clear. This information 
has been included in the paper to provide a means of making 
comparisons between discharge with and without hyacinth cover. 

Based on the information presented about the effect of the 
bottom-rooted weeds on flow, the writer is wondering if hyacinths 
are the chief pest among the aquatic weeds—and this question 
is shared by a number of others who work with the canals. It 
has been observed that where hyacinths do not exist or where 
thev have been removed, the bottom-rooted weeds tend to move 
in with resultant loss in canal efficiency. Although this may be a 
slow process in the major canals in the Everglades, now that the 
hyacinth problem has been brought under control, there is rea¬ 
son to believe that the other weeds will have to be considered. 
The writer does not suggest that possibly hyacinths should be 
encouraged to grow again as the least of several evils, but he 
does recommend that serious attention be given to the possibili¬ 
ties of the situation. By the time this paper is published, it may 
well be that the means for destroying nigger-wool, the naiads, 
and Para grass will have been developed. From the progress of 
the last several years, it seems that this should come about. How- 
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ever, the tenacity of the naiads and the rapidly increasing- 
growth of Para grass indicate that the weed problems of the 
Everglades are by no means over. 
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THE RELATIONSHIP OF WATER WEEDS TO NAVIGATION 

W. Terry Gibson* 

This most difiicult and, at times, vexinjr problem was dis¬ 
cussed by Mr. Gibson with the knowledge and understanding of 
one who has had a considerable amount of personal contact with 
it; also with a restraint born of the circumstances attending 
the Symposium whereas the vocabulary of a tugboat captain 
doubtless would have afforded a much more direct incision to the 
subject, all circumstances considered. 

Inasmuch as Mr. Gibson did not provide a formal manuscript 
to cover the subject of his discussion, the general setting of the 
relationship is well illustrated and, indeed, may be all but suf¬ 
ficiently set forth by Figure 1 which is helpfully offered—a hya¬ 
cinth eradicating boat that does not seem to be too sure of what 
is happening or of what is going to happen. Naturally the dif¬ 
ficulties occur whether the weeds involved are what Mr. West 
has so aptly classified as “Floaters,” “Bankers” or “Sinkers” or 
mixtures thereof. 

In any event, Mr. Gibson pointed out that it required no 
great feat of the imagination to picture the heroic struggles 
Everglades pioneers must have been subjected to in fighting 
their way through such obstacles when the waterways were the 
principal avenues of ingress and egress to the lake region 
whether for moving ordinary supplies, heavy equipment such as 
draglines and large barges or merely themselves. 

While Mr. Gibson placed great importance throughout his 
discussion on the development of water transportation in such 
an area as South Florida by pointing out that “Boats for pleasure 
as well as other uses bring revenue to the area” he also empha¬ 
sized there should be no public fear of over-emphasis of naviga¬ 
tion from the Federal standpoint as just another feature of gov¬ 
ernment control such as seems to be entering the minds of some 
people. He also very strongly urged that more and more atten¬ 
tion be given to the coordination of soil and water conservation 
planning and operations into a strong, carefully integrated sys¬ 
tem of development in which all elements are known to be so 
highly compatible if properly developed and understandingly 
brought together. 


—Editor. 


'—Attorney, West Palm Beach and Ranchman, Bean City, Fla. 
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Fignie 1.—‘An eaily hyacinth-eradicating appliance 
operating in the upper i caches of the Miami canal in 
1940 rather well illustrates the problem of watei- 
bouine ciaft in those days; also the impossibility of 
eradicating this lapidly growing pest be mechanical 
means of this nature. The upper view of the machine 
shows it “Going” and the lower one “Coming.” 



HYACINTH HAZARD TO AMPHIBIOUS AIRCRAFT AND 
SEAPLANES IN THE STATE OF FLORIDA' 

William C. Lazaeus ' ‘ 

Florida’s 58,666 square miles of area is so interspersed with 
fresh water lakes, rivers, and protected coastal waters as to 
make it ideally suited for safe operation of amphibious aircraft 
and seaplanes. Any lake or body of water 2500 feet in lengfh is 
a potential seaplane landing area. 1000 feet of water provides a 
safe emergency landing area for such aircraft when in trouble. 
Therefore, nearly every body of water in the state is a potential 
safe landing area for amphibious or float equipped aircraft. 

Obstructions such as water hyacinths on the surface of the 
water are extremely hazardous to the landing of such aircraft. 
These aircraft in general have relatively high centers of gravity 
necessary for keeping the propellers well away from the water 
for proper operation. Any amphibious aircraft or float equipped 
aircraft weighing less than 5,000 would be completely wrecked 
with probably loss of life if it were to come in contact with a 
floating mass of hyacinths three feet or more in diameter. Land¬ 
ing on waters completely covered with hyacinths would be cer¬ 
tain death to the occupants of the plane as immediately upon 
contact the plane would be nosed over. 

It therefore appears obvious that the safety of flying can be 
greatly enhanced by the eradication of haycinths from the waters 
of lakes and canals in the State of Florida. 

The following specific examples are cited to support this 
claim: 

A Luscombe airplane being flown from Miami, Florida to 
the West Coast of Florida was following the Tamiami Trail 
across the Everglades. It’s altitude was 500 feet when it en¬ 
countered engine failure. The canal along this highway was 
fortunately free of hyacinths at this point and the airplane being 
equipped with floats was able to land safely in the canal. If hya¬ 
cinths had been present at this point it is probable that the oc¬ 
cupants would have been killed, or at least an aircraft worth 
approximately $4,000 would have been totally lost. 

There areappro:!^imately 600 miles of canals in the Everglades 
area alone similar to the one paralleling the Tamiami Trail. 
Every foot of these is a potential safe landing area for aircraft. 
Aircraft equipped with floats or hulls now religiously avoid 
areas where the waterways are congested with hyacinths. A 
truly safe direct line flight from Miami to the Tampa area is 
now impossible for float equipped aircraft because of this hya¬ 
cinth hazard. 

'—Piesented by O. W. Jordan. 

''—Aviation Supervisor, State Improvement Commission, Tallahassee, 
Pla. 
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The entire Kissimmee River Valley would become a natural 
airway from Central to South Florida for amphibious aircraft 
if the hyacinth hazard was eliminated. Hundreds of lakes and 
other fresh water areas, would be potential landing areas if 
the hyacinths could be removed. 

I estimate that with proper hyacinth control and eradication 
in Florida, we would open up at least 3,000 safe landing areas 
for seaplanes and amphibians. We have the natural water land¬ 
ing area. All we need to do is to clear them and flying safety 
will be increased many times. 

The benefits of this program would be to the United States 
at large and not only to Floridians. Annually thousands of per¬ 
sonal airplanes fiy to this state from all over the country. It 
therefore becomes a national problem and should be considered 
as such. 

Seaplane and amphibious flying is not highly developed in 
this state or other states at this time, largely due to lack of suit¬ 
able facilities. Part of this is the lack of suitable landing areas. 
If a seaplane ramp is built in a lake in which there are floating 
hyacinths it is highly probable that when the pilot lands his 
seaplane in the lake that he may not be able to reach the float 
as the wind may be from such a direction as to have piled the 
hyacinths around the dock. A night landing in such a lake would 
also be extremely dangerous if floating hyacinths were encoun¬ 
tered in the landing run of the aircraft. Consequently there is 
little or no night water flying being done due partially to this 
hazard. If we are to make the airplane really useful it must be 
capable of safe night operation as well as day operation. 

Civil Aeronautics records of aircraft ownership show that 
as of June 1, 1948 there were 2964 airplanes owned by residents 
of Florida. Of this number approximately 10'/ are amphibious 
or equipped with floats. Florida aircraft dealers expect that at 
least 1,000 amphibious or float equipped airplanes will be locally 
owned in this state within the next 5 years. I have personally 
interviewed these dealers and a great many airplane owners who 
are looking forward to flying amphibious airplanes in our state. 
They want the waterways made safe for landing these aircraft. 

Another immediate example is at hand where hyacinths are 
definitely interfering with the use of aircraft. I refer to the 
use of a seaplane by the U. S. Geological Survey, Ground Water 
Division in the Kissimmee River Valley for reading the water 
level gages in that river. These gages are out from shore and 
can best be reached by use of the seaplane. However, many times 
the gages are so surrounded by hyacinths that the seaplane can¬ 
not get near enough to the gage to read it, even though it is able 
to land on open water nearby. 

There are at present 85 seaplane bases in operation in the 
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State of Florida. Only nine of these are located on fresh water. 
Fresh water operation of a seaplane or amphibian is much more 
desirable from a maintenance standpoint. Salt water is extreme¬ 
ly hard on aircraft parts and finishes. Why are so few of our 
seaplane facilities on fresh water then? One of the answers is 
water hyacinths. An operator can never be sure his base will 
be usable if hyacinths are floatinif in the lake or river. A wind 
shift can occur and make what might normally be a safe landing 
area a death trap. We fence all airports to keep cattle and live¬ 
stock off of them to insure a safe landing area for land planes. 
What are we going to do for the pilots of seaplanes and am¬ 
phibians? 



THE WATER WEED PROBLEM FROM THE STANDPOINT 
OF WILDLIFE AND FISHERIES* 

John J. Lynch'** 

We all realize that the water 
hyacinth and alligator weed are 
problems from the standpoint of 
the wildlife and fisheries of the 
Gulf Coast, but we may not be 
fully aware of the enormity of 
these problems. We know bhat 
water weeds interfere with uti¬ 
lization of wildlife and fisheries, 
but many of us overlook the fact 
that a considerable segment of 
our population depends upon 
these resources for recreation, 
food, and means of gainful em¬ 
ployment. We now know some¬ 
thing about the direct effects of 
water weeds on fresh-water 
fisheries, but we are just begin¬ 
ning to appreciate their more 
serious indirect effects. We are 
slow to recognize the potential 
impact of water weeds upon the 
total ecology of these resources. 

These weeds have been a 
bane to sport fishermen and 
hunters, and the end of their 
troubles is not yet in sight. 
Thousands of acres of good fishing and hunting waters are now 
covered by water weeds. Additional tens of thousands of acres, 
although not as yet infested, can no longer be reached due to 
weed-blockage of canals and streams. These waterways are the 
highways of the wet-lands. A single acre of hyacinths or alli¬ 
gator weed, strategically placed, can exclude fishermen and hunt¬ 
ers from vast tracts of marsh and swamp. This same acre of 
weeds may be dispersed at one time of day, so that the sportsmen 
can get thru to the waters beyond the block, but a shift in the 
wind can jam the floating weeds, and confront him with an im¬ 
penetrable barrier when he returns. At best, his day of restful 
relaxation will end in a back-breaking struggle to get home. 
At worst, he may have to spend the night with the mosquitoes. 

We can get some idea of the recreational importance of fish 

*—^Presented by T. C. Erwin. 

♦ I—^Biologist, Fish and Wild Life Service, U. S. Dept, of the Interior, 
Abbeville, La. 
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and wildlife from sales of hunting and fishing licenses. In the 
1946-47 season, sportsmen of the five States bordering the Gulf 
of Mexico purchased 227,743 Federal Duck Stamps. A large 
proportion of these waterfowl hunters hunt in marshes and lakes 
that are susceptible to weed encroachment. Florida angling 
license sales show that at least 75,000 resident anglers fish in 
fresh waters of this State each year. The famous Florida large- 
mouth bass contributes to the tourist business of this region, as 
indicated by annual sales of nearly 20,000 non-resident angling 
licenses. Louisiana licenses about 25,000 resident and 7,000 
non-resident anglers each year. Few of the Southern States re¬ 
quire licenses for “cane-pole fishermen,” so we have no record of 
the number of people that fish stream-banks, canals, and roadside 
ditches. We would venture to guess, however, that a quarter- 
million men, women and children fish with cane poles, both for 
the sake of a family outing, and for the more serious purpose of 
supplementing the family larder. 

Our fresh-water fisheries, in addition to their value for re¬ 
creation, are important commercially. Aquatic weeds are a grave 
problem to commercial interests. The thousands of fi.shing and 
hunting camps in the Gulf States represent a multi-million dollar 
investment in camps, boats, and other accommodations for the 
tourist-sportsman. Weeds, particularly the water hyacinth, dis¬ 
courage fishing and hunting, and may completely tie-up boating 
for weeks at a time. Many camp operators fail to realize a 
profitable return on their investments due to periodic shut-downs 
during the tourist fishing season, and some have been forced out 
of business by the water hyacinth. 

The commercial fresh-water fisheries of the Gulf States are 
big business. In Louisiana, some 5,000 commercial fishermen 
catch 20 million pounds of fresh-water fish, turtles, crabs and 
crawfish each year. Florida licenses 1,040 retail and 340 whole¬ 
sale outlets for fresh-water fisheries products. The combined 
investment of these commercial interests in boats, gear and shore- 
installations runs into millions of dollars. Floating mats of weeds 
are a grave problem to this industry. They block the waterways 
that lead to fishing grounds, and tear up set-lines, nets, traps and 
other fishing gear. Even the salt-water commercial fisheries are 
aft’ected by weeds since the shrimp and oyster-boats of Louisiana 
are harbored in tidal bayous that are subject to periodic weed- 
blocks. 

Mats of water hyacinth and alligator weed are known to kill 
fresh-water fish. They blanket the surface of ponds and streams 
and reduce the oxygen content of these waters to a point below 
the safe limits for game and pan-fish. This destruction of fish is 
serious in itself, but it has an even greater significance to fish 
populations. Our Southern warm-water fish have tremendous 
reproductive capacity, and would recover rapidly from periodic 
disasters, provided that the total fish population, including game- 
fish and predacious species were killed off in comparable proper- 



60 



Figuie 1.—Wind-driven Hyacinth mats interfere with boatinp: 
and cause many hunting and fishing camps to suspend opera¬ 
tions. (Lake Tiafford, Fla.) 



Figure 2.—Drifting Hyacinth in Bayou Grand Caillou, Louis¬ 
iana. Weed jams frequently block this busy waterway, tying 
up shrimp and oyster boats. 
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tion. Unl'oi’tunatelv, fish-kills that are associated with weed in- 
festivtion are highly selective. Game species such as the bass 
and the better pan-fish are the first to feel the effects of weed- 
coverage, since they have a higher oxygen demand than coarse 
fish. The gar, our most serious predatory fish, is immediately 
benefited, rather than hurt, by floating weeds. Being able to 
breathe air, the gar frequents openings in the encroaching 
weed-mats, and game lish that are forcecl to come to these open¬ 
ings for better-oxygenated water fall easy prey to this voracious 
predator. This selective kill, coupled with destruction of game- 
fish spawning grounds by wind-driven weed-mats, upsets lake 
balance. Many of our fishing waters now have unbalanced popu¬ 
lations due to weed encroachment. This is most noticeable in 
some Florida Lakes such as Lake Trafford, that formerly were 
excellent bass waters. These lakes now have a super-abundance 
of pan-fish or predacious fish, but bass are limited to a few extra- 
large individuals that are virtually impossible to catch. The 
vigorous younger generations of bass that make for healthy, 
balanced fishing waters are absent in these lakes, due to destruc¬ 
tion of spawn and young by pan-fish and predators. 

These many indictments against the water hyacinth and alli¬ 
gator weed, in themselves, would justify most strenuous efforts 
in weed control. But there is a still graver aspect to the problem. 
The spread of hyacinths and alligator weed represents an in¬ 
sidious invasion of wildlife and fishery habitats. A gradual al¬ 
teration of many of these habitats already is apparent, and fur¬ 
ther unfavox'able ecological changes are to be expected. 

Our Gulf Coast marshes are most attractive to wildlife in sub- 



Pigure 3.—^Alligator weed in Cameron Parish, Louisiana. This 
weed not only has closed the canal to navigation, but also is 
invading adjacent marshlands with every high tide, destroying 
valuable waterfowl and muskrat habitats. 
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Figure 4.—Floating mats of alligator weed are impassible in 
conventional powerboats. 



Figure 5.—This abandoned leclamation district in Louisiana 
(aerial view) was highly productive of fish and waterfowl prior 
to invasion of water hyacinth. The rapid growth of hyacinth 
(dark areas on photograph) is now taking over the last open 
water areas, and floating marsh (the lighter patches on the 
photogiaph) that is developing on older hyacinth mats will 
ruin this lake for all time. 
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climactic stages. Prolonged freedom from disturbance permits 
development of edaphic climax. Climax marshes are relatively 
worthless for wildlife. Nature discourages climax by catastro¬ 
phic disturbances such as drouth, fire, floods, hurricanes, and 
animal overpopulations. In our studies of marsh management 
we have found it possible to duplicate, and in some cases improve 
upon, the beneficial results of these drastic natural treatments 
by judicious use of fire, grazing, water manipulation, salt-water 
intrusion, and mechanical as well as “biological” cultivation. Our 
fundamental aim in marsh management is the reversal of plant 
successions to the submerged aquatic and emergent stages, since 
these are the best wildlife habitats. Unfortunately the introduced 
water hyacinih has proved to be far more successful in the fresh¬ 
water hydrosera than are any of our native submerged or float¬ 
ing-leaved aquatics. Alligator weed has found a most favorable 
niche in the emergent zones of our fresh and slightly-brackish 
marshes. Once established in these respective zones, these pest 
plants totally eliminate the native species that furnished food 
for waterfowl and fur animals. In effect the hyacinth and alli¬ 
gator weed usurp the place of the more desirable plants in the 
secondary succession. Hyacinths may completely by-pass the 
aquatic and emergent stages in our fresh-marsh succession, and 
precipitate an undesirable climax, since their durable floating 
mat becomes a substrate that permits immediate invasion of cli¬ 
max species. 

Our knowledge of marsh management for wildlife is increas¬ 
ing each year. But any of the management measures now avail¬ 
able, and any that are likely to be devised in the future, will be 
concerned with maintaining plant associations in their lower suc- 
cessional stages. Water hyacinths and alligator weed have dem¬ 
onstrated an amazing capacity for usurping and dominating these 
stages. Thus the hyacinth may utterly defeat our management 
efforts in the fresh marshes, and alligator weed capitalizes on our 
management of the brackish marshes for waterfowl and musk¬ 
rats by taking them over. To put it bluntly, cultivation of these 
marshes for wildlife is fast becoming tantamount to cultivating 
them for the growth of water hyacinths and alligator weed. 

We are beginning to revise some of our earlier concepts of 
the ecology of fishery habitats. Viosca*’ first called our atten¬ 
tion to the importance of overflow lands in fishery food-chains 
of the Mississippi Flood Plain. He pointed out that fish of the 
swamp lakes and streams derived much of their food from ad¬ 
jacent flood-bottoms, and showed that any diminution in fertility 
of the overflow lands would be detrimental to these fisheries. We 
find that a similar situation exists in the fisheries of our coastal 
marshes. A small marsh pond, only a few acres in extent, may 


'■ —^Viosca, Percy J. “Flood Control in the Mississippi Valley in its 
Belation to Louisiana Fisheries.” Tech. Paper No. 4, La. Dept. Conseiva- 
tion, 1928. 
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Figure 6.—Alligator weed moving down a tidal bayou into the 
brackish marshes. High salinities discourage this weed tempo¬ 
rarily, but it recovers rapidly as soon as tide-waters are di¬ 
luted by rains. 



Figure 7.—When water hyacinth invades swamps and back¬ 
waters, it may play havoc with vital fishery food-chains. (Bayou 
Lacassine, Louisiana). 
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yield an amazing tonnage of fresh-water fish. Such yield, if ex¬ 
pressed in terms of production per acre of open water, would 
stagger the imagination. The situation comes into clear focus, 
however, when we realize that possibly a thousand acres of the 
surrounding marshlands have contributed materially to produc¬ 
tivity of the pond. In speaking of fishery habitats of the coastal 
marshes, we, therotore, must take into account not only open 
waters, but all contiguous backwaters and overflow lands, in¬ 
cluding those that are flooded only intermittently. 

The brackish marshes are important in maintaining our 
coastal salt-water fisheries. The extent of their contribution re¬ 
mains to be determined, but it is obvious that these marshes must 
be considered supplementary habitats in the total ecology of the 
shrimp, oyster, and crab fisheries of our coastal waters. 

Water hyacinths already are well-established in the over¬ 
flow habitats of our fresh-water fisheries, and alligator weed is 
rapidly taking over the upper tidal habitats of our shore-fisheries 
in Louisiana. We are not yet in a position to predict the final out¬ 
come of this alteration of habitats, but the information at hand 
is not encouraging. We know that marsh and swamp back¬ 
waters are de-oxygenated by weed coverage, and their produc¬ 
tion of plankton dravstically lowered. We have observed that de¬ 
composing mats of alligator weed, especially in brackish water, 
produce quantities of hydrogen sulfide, a gas that is highly toxic 
to fish and other aquatic organisms. Further investigation of 
these possibilities is imperative. While awaiting more definite 
information, we are moved to express grave concern over the in¬ 
vasion of backwaters and overflow lands by hyacinths and alli¬ 
gator weed. We consider these weeds capable of interrupting the 
vital fishery food chains that originate in these habitats. Pock¬ 
ets of toxic materials generated by decomposing weeds can have 
disastrous effects when swept into nearby permanent waters by 
heavy rains. 

Our wildlife and fisheries are renewable resources. Many of 
us interpret the term “renewable” as meaning only that our 
sporting and commercial harvest of these resources will be com¬ 
pensated for by Nature’s bounty. To the ecologist, the term sig¬ 
nifies that these resources not only can be renewed, but must be 
renewed if they are to be perpetuated. Such renewal is possible 
only to the extent that the productivity of wildlife and fishery 
habitats is renewed and maintained. Nature accomplished such 
renewal in a somewhat hap-hazard manner, and the wildlife and 
fishery manager seeks to create and maintain these habitats by 
more orderly means. But water hyacinths and alligator weed 
have an unhappy faculty for taking over the most valuable niches 
in our wildlife and fishery environments. In so doing, these weeds 
can utterly defeat the combined efforts of Nature and man to 
maintain these environments. Only when we fully awaken to 
these facts will we begin to appreciate the enormity of the danger 
that confronts the wildlife and fishery resources of this region. 



THE CONTROL OF WATER HYACINTHS BY MECHANICAL 

MEANS 

A. H. Brown 


The plants and the problem 
they create have been described 
to you by several able gentlemen. 
This paper discusses the solution 
or control of water hyacinths by 
mechanical means. Mr. Wunder¬ 
lich' has discussed the “Type, 
adaptability and limitations of 
mechanical plant under Louisi¬ 
ana conditions,” and I shall fol¬ 
low up on the same subject under 
Florida conditions. 

Before proceeding on that 
subject I want to speak briefly 
on the existing Federal project 
which authorizes the operations 
of the Corps of Engineers for 
removal of water hyacinths in 
the State of Florida. 

It appears to be the general 
opinion of those interested in the 
control of the pest that the 
Corps of Engineers has the au¬ 
thority and the responsibility to 
remove the plants wherever they 
are found and for any purpose. 
The facts are quite different. The 
various River and Harbor Acts which authorize the operations 
provides only for “Removal or destruction of the water hyacinth 
in the navigable waters of the State of Florida so far as they 
become an obstruction to commerce.” 

That of course conflnes the operations to navigation chan¬ 
nels. Funds are made available accordingly and all mechanical 
plant that has been used to date was designed to operate in the 
navigation channels where the water depths are such as to pro¬ 
vide flotation. It is needless to tell you that the operational area 
to which we are limited is very small compared to the extensive 
lake and other non-navigation areas in the state which are in¬ 
fested with the plant. 

The River and Harbor Act of 1906, still in effect, also pro- 



_. '—Chief, Operations Division, Coips of Engineeis, Jacksonville, Florida, 

¥*■• Wunderlich of the New Oileans District Office 
could not be present and present his paper, Ed, 
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hibits the uee of any chemical spray that may be harmful to cat¬ 
tle or fish. 

Now as to the mechnical means we have used. First, the der¬ 
rick and grapple. When the plants are permitted to grow to ma¬ 
turity during spring and early summer the late summer and fall 
rains cause flood conditions that drift them into the main chan¬ 
nels. There, with the current and wind, the plants are jammed 
against bridges or in restricted reaches and are rolled into dams 
several feet in depth. When this condition develops the derrick 



Figuie 1.—A large derrick boat operating in the north fork 
oJE the St. Lucie Rivei, 1939. 


and grapple is the only practicable means of removal. The 
use of the equipment is limited to just such situations. The pho¬ 
tographs of Figure 1 and 2 show this equipment in operation. 

Next we take up the conveyor. Several types were construc¬ 
ted and used over the period from 1909 to 1941. Conveyors of 
all types proved to be impractical for general use under Florida 
conditions. None are in use at the present time. I can best de¬ 
scribe them by the photographs of Figures 3 to 6, inclusive. 

The 1940 model was quite a machine. Note the wide pick-up 
conveyor which moved very slowly and was equipped with forks 
operated from a crank through a link motion to reach out and 
pull the plants in contact with the conveyor lugs. Aft of the pick¬ 
up conveyor is the discharge conveyor set cross deck and mounted 
in a trunnion at the center to permit either end to be elevated 
for discharge to either side. We accomplished something on the 
cross conveyor that the manufacturers of roller chain said could 
not be done. We operated this conveyor at about 1,000 feet per 
minute, the idea being to shoot the plants well up on shore. It 
worked well and the chain never gave any trouble. The problem 
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was to get the plants to and on the pick-up conveyor. Cost of 
operation was high and output low. The idea was good but these 
floating hyacinth plants have a way of disappointing you. 

I therefore repeat the opinion that elevators are out of the 
picture as a means of efficient and economical handling of these 
weeds. 

Thirdly, and after we had proved that derricks with a grap¬ 
ple and various types of conveyors were not the answer we found 
the best mechanical means yet used. Mr. Charles R. Short of 
Clermont, Fla., a retired Research Engineer, developed the idea. 
He equipped a small boat with a bank of gin saws which were 
mounted on a mandrel and set just forward of the boats bow. 
The saws were actuated by roller chain and sprockets from the 
propelling engine. After observing the efficient operation of the 
boat it was purchased by the Corps of Engineers for further 
tests and study. 

From it we developed the present destroyer boats now in use. 
The destroyer is a boat 17 feet in length with a beam of 6 feet. 
Three groups of saws are mounted on the boat. The forward 
group consists of two banks of saws each 3 feet in width actuated 
independently. The after groups, 1 port and 1 starboard, each 
3 feet wide, are mounted on outriggers so as to make a cut 12 
feet wide. The saw disks are 12" in diameter with “V” type teeth 
and turn at about 1,000 rpm. An industrial type power unit of 
50 h.p. provides the power which is transmitted to the saw banks 
through a standard light truck rear axle assembly and thence 
by roller chains and sprockets. No propelling unit is required. 
Friction on the rotating saws propel the boat and at the same 



Figure 4.—1920 model conveyor used on the Withlacoochee 
River in 1922. 
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Figuie 5 ,—A machine designed and constiucted by the New 
Oileans, La. Distiict which we obtained in 1939 It is shown 
dealing the Hdlsboio Channel in the Eveiglades 



Figuie 6-—A 1940 model conveyoi (No. 3) woiking in the 
St. Johns River neai Sanfoid. 
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time create a current that draws the floatinq plants into the 
saw banks. 

The boats are light and are operated usually by two men. The 
area that can be covered in one 8-hour day varies with the den¬ 
sity of the plants; in densely infested areas when plants are up 
to 45 inches in height 2 to 4 acres per 8 hours and up to 8 to 16 
acres in the same time in less dense areas of small plants. 



Figuie 7.—The hyacinth dostioyei—^looking at the bow. The 
blades, lotating at 1000 RPM, piopel the boat as well as cut 
the hyacinths. 



Piguie 8.—The job. Arbuckle Creek, completely closed, befoie 

cutting. 
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Through the season of operations a boat operating in various lo¬ 
cations will cover an average of 8 acres per day at an average 
field cost of $7.00 per acre. These boats will not operate ef¬ 
ficiently in water less than 1.5 ft. in depth. 

The saw boats effectively and quickly open channels to navi¬ 
gation and are quickly and easily transported from one location 
to another. Experience has shown that less than 5y< of plants 
cut by the destroyers will survive. The photographs of Figures 



Figure 9.—One cut through the jam mth the hyacinth 
destroyer. 



Figure 10.—Further progress has been made with a consider¬ 
able channel apparent through Arbuckle Creek. 


73 


7 to 12, inclupive, will give a better idea of the destroyer and its 
operation than can be put in words. 

These destroyers are adapted to operate in navigable waters 
and are effective in clearing channels for navigation. You will 
note on the photographs the rim of plants left on each bank. The 
destroyers cannot reach them, nor can those destroyers reach 
many other great areas where the plants propagate and grow. 

In closing let me say that we shall never control these pests 
by mechanical means alone. Nor shall we ever reduce them by 
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merely keeping channels cut through them. If effective control 
is to be obtained it will be obtained only by the fullest coopera¬ 
tion of all interests, private, local governmental agencies, state 
agencies and Federal agencies working on a coordinated plan 
to destroy the pests at the source, not only for navigation, but 
for all other purposes. 

Any program must utilize both mechanical and chemical 
means. If the problem is properly attacked and the pests are 
controlled at their source the only mechanical means then re¬ 
quired would be the necessary plant and equipment for practic¬ 
able and efficient application of the chemical sprays. 



MANUFACTURE ANI) FORMULATION OF 2, 1-D AND 

2, 1, 5-T 

Hoyt A. Nation* 



The purpose of this paper is 
to explain as briefly as possible 
the meaning of the term 2, 4-D 
and to give some understanding 
of the various formulations of 
this compound. In order to ful¬ 
ly understand the meaning of 
the term 2, 4-D it is necessary to 
understand a few relatively sim¬ 
ple formulas. No attempt will 
be made to show exactly how 
2, 4-D is made but the different 
steps in its manufacture will be 
briefly discussed and a few form¬ 
ulas drawn to clarify our discus¬ 
sion. An understanding of the 
term 2, 4-D will help to explain 
other terms like 2, 4, 5-T of 
which you have heard or will 
be hearing soon. 

2, 4-D is an abbreviation of 
2, 4-Dichlorophenoxyacetic acid. 
Four materials used in the man¬ 
ufacture of this material account 
for its name. 


HOYT A. NATION The first of these materials 

is benzene which is responsible 
for the two numbers. Benzene is a product obtained when coal 
is changed to coke. Organic chemists generally give this material 
the structural molecular formula shown in Figure 1 and repre¬ 
sent this formula by a hexagon as shown in Figure 2. It will 
be noted from the first figure that a molecule of benzene con¬ 
tains six carbon atoms connected to form a ring by a series of 
alternate double and single bonds. Each carbon atom has at¬ 
tached to it one hydrogen atom. In chemical reactions it is very 
difiicult to break the bonds between the carbon atoms but very 
easy to replace any or all of the hydrogen atoms by simply con¬ 
trolling the chemical reaction. It is this feature about benzene 
that makes it useful not only in the manufacture of 2, 4-D but 
in many other organic compounds such as DDT and BHC. The 
chemist uses the hexagon to represent the benzene molecule or 
benzene ring as it is commonly called because it is much simpler 


—Technical Service and Development, The Dow Chemical Company, 
Midland, Michigan and Auburn, Alabama. 
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to construct than the actual formula. When the hexagon is 
used it is understood that each angle represents one carbon and 
one hydrogen atom. Because it is possible to replace one or any 
combination of hydrogen atoms on the benzene ring by certain 
reactions and because when two hydrogens are replaced on the 
ring the position of the hydrogen replaced determines to some 
extent the characteristics of the compound produced (as will be 
seen later) it is necessary to identify what position in the ring 
the reacting atoms occupy. For this purpose the angles of the 
hexagon, or the carbon and hydrogen atoms, are numbered from 
one to six starting at any point on the hexagon and numbering 
in a clockwise direction. It is this numbering of the position of 
the reacting atoms that accounts for the numbers 2 and 4 as 
will be explained later. 

The second part of the name is di which means two. 

The third part is chloro which indicates the product contains 
chlorine. When one has an understanding of organic chemistry 
he can put the above information together and he will know 
that the material contains two chlorine atoms and that they are 
on the number 2 and 4 carbons, or angles. Had they been on the 
2 and 5 or 2 and 6 position we would have had a product similar 
to 2, 4-D but differing somewhat in its reaction from that of 
2, 4-D. 

The fourth part of the name, phenoxy, indicates that phenol 
or carbolic acid is used in the manufacture and the fifth part, 
acetic, indicates that acetic acid is also one of the compounds 
used. Incidentally, vinegar contains acetic acid. 

Now that we have explained what the various parts of the 
name mean, let us take a look at some more formulas to get a 
better understanding of what actually happens. In the manufac¬ 
ture of 2, 4-D one atom of chlorine is first added to the benzene 
ring and it is placed on the number one position. This material 
is a liquid and is called monochlorobenzene. See Figure 3. 

Then this material is reacted with sodium hydroxide 
(NaOH). In this reaction the chlorine is replaced by the OH 
group and combines with the sodium to form NaCl or common 
salt. The benzene ring has now become phenol. See Figure 4. 



By heating the phenol and bubbling in chlorine, a chlorine atom 
is placed on each of the number 2 and 4 carbons. This material 
is known as 2, 4-dichlorophenol and is shown in Figure 5. These 
reactions account for the “2, 4-dichlorophenox5r” of our com¬ 
pound name. 
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We now take acetic acid as shown in Figure 6 and add one 
chlorine to it as shown in Figure 7. This material is known as 
chloroacetic acid. By combining chloroacetic acid and 2, 4-di- 
chlorophenol with NaOH, a solution of the sodium salt of 2, 4-D 
is produced. See Figure 8. The percent 2, 4-D in this solution is 
low. The sodium salt sold on the market is not the solution pro¬ 
duced in this step of manufacture, but is a powder produced by 
combining the free 2, 4-D acid with caustic soda or sodium car¬ 
bonate. Pure 2, 4-D is made by treating the sodium salt solu¬ 
tion mentioned above with HCl and has the structural formula 
shown in Figure 9. This is a white crystalline material that is 
practically insoluble in oil or water. By replacing the H of the 
OH group of the acetic part of the formula with various ma¬ 
terials the different formulations of 2, 4-D are made and these 
formulations are either soluble in water or in oil as discussed 
later. 

2, 4-D formulations can be separated into two major groups. 
These groups are salts and esters. A salt is produced by re¬ 
acting an acid with a base and an ester by reacting an acid with 
an alcohol. 

The salts of 2, 4-D are soluble in water but not in oil where¬ 
as the esters are soluble in oil but not in water. 

The salts of 2, 4-D can again be divided into two groups; the 
metallic salts and the amine salts. 

The sodium salt of 2, 4-D is the most common of the metallic 
group and is prepared by reacting the free acid of 2, 4-D with 
sodium hydroxide or sodium carbonate. This material is a pow¬ 
der soluble in water and containing a high percentage of 2, 4-D. 
A study of Figure 8 will show that the sodium atom replaced the 
hydrogen atom on the OH group of the acetic acid formula. 
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The following discussion is a purely figurative and simplified 
way to illustrate how 2, 4-D amine salts are formed. The alkano- 
lamine salts can be represented by the triethanolamine salt as 
shown in Figure 10. These salts are liquids soluble in water and 
are made by combining ammonia, alcohol and 2, 4-D acid. In 
the case of the triethanolamine, three molecules of ethyl alcohol 
(the kind used for drinking) might be used. This alcohol is 
known to the chemist as ethanol. Since three molecules are used, 
this accounts for the triethanol and since ammonia is also used 
this explains the term triethanolamine salt. The whole group 
of salts that can be produced by combining the various alcohols 
with ammonia and 2, 4-D are known as the alkanolamine group 
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and any salt of that group may be properly called an alkanol- 
amine salt. 

Since esters are made by reacting an alcohol and an acid, it 
is possible to make quite a number of diiferent esters. At least 
five esters have been or are being produced commercially; they 
are methyl, ethyl, insopropyl, butyl and amyl. There seems to 
be no practical difference in the potency or activity of the vari¬ 
ous metallic salts, the various alkanolamine salts or the various 
esters, but there are differences in activity among the three 
groups as a whole. The metallic salts are the least plant toxic, 
the esters, the most, and the alkanolamine salts somewhere in¬ 
termediate between the two. The salts are generally considered 
more safe to use on crops for selective weed control. The esters 
are often more effective against woody plants and certain her¬ 
baceous weeds. 

Until recently the alkanolamine salt formulations have been 
used largely in high volume spraying and so were mo^t of the 
other formulations. With the advent of low volume spraying, 
amine and ester formulations have been developed that meet 
the demands. 

I think it fortunate for the Everglades that pioneer work 
in low volume spraying has been done here. Dr. R. V. Allison, 
Mr. Charles Seale and Mr. Jack Evans did small plot work and 
Mr. Lamar Johnson, cooperating with the aviators in this section, 
has developed methods for large scale hyacinth control. The 
idea has been carried to field sprayers and low volume applica¬ 
tion is being used extensively in the spraying of crops. 

I believe attention should be called to the fact that the esters 
on the market at present are volatile to some extent while the 
salts have little if any volatility. This means that when an 
ester is used near a susceptible crop like cotton, the crop may 
show 2, 4-D effect even though it was thoroughly protected 
from spray drift. This effect is caused from the fumes coming 
into contact with the crop and the effect can be produced several 
days after spraying should the wind blow off the sprayed area 
onto the susceptible crop. For this reason the salts are somewhat 
safer and should be used, if effective on weeds to be controlled, 
when susceptible plants are growing in the vicinity of the area 
to be treated. 

In making the various formulations of 2, 4-D the manufac¬ 
turers have seen fit to vary the percentages of 2, 4-D in their 
products. It should be remembered that the 2, 4-D (or 2, 4-D 
acid equivalent) is the significant point of comparison among 
formulations or products and that one should not expect the 
same results from a quart of a 10 percent solution as from a 
quart of a 40 percent product. Therefore, the percent 2, 4-D in 
a product must be known to allow intelligent comparison of 
prices and the formulation of correct recommendations for the 
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use of the material. Each manufacturer shows, or should show, 
on the label of each of his containers the percent of 2, 4-D (or 
2, 4-D acid equivalent) contained in the formulation. Therefore 
read the label when comparing prices of materials or making 
use recommendations. Sometimes labels may not state whether 
the 2, 4-D formulation contains a salt or an ester but this can 
be determined by pouring a few drops of the material in water. 
If the water takes on a milky appearance the material is an 
ester; if no milky color is observed the material is a salt. 

Now for a very brief discussion of 2, 4, 5-T. This is the ab¬ 
breviation for 2, 4, 5-trichlorophenoxyacetic acid. This is the 
same type material as 2, 4-D but, as the name suggests, it has 
an extra chlorine atom in the number 5 position on the benzene 
ring. 2, 4, 5-T is more effective than 2, 4-D on our southern 
blackberries, osage orange and certain other hard-to-kill plants. 
An isopropyl ester formulation of 2, 4, 5-T is now being pro¬ 
duced in limited quantities and will be available for 1949. Foi 
general brush control it has been found that a mixture of an 
ester of 2, 4-D and an ester of 2, 4, 5-T is very effective. 



A REVIEW OF EFFECTIVE GROUND- AND WATER-BORNE 
EQUIPMENT FOR THE CHEMICAL CONTROL 
OF WATER PLANTS 

John W. Randolph’ 

Many of the herbicidal materials used in the control of water 
plants have no unusual physical characteristics. That is, most of 
these chemical compounds can be handled by some form of con¬ 
ventional equipment normally used for overland distribution of 
dusts or liquids. In the water-borne approach the transporta¬ 
tion facilities themselves and the attachments regulating final 
dispersal of the herbicide are about the only appreciable depar¬ 
tures from dust spray or spray units used in land operations. 

Undesirable water weeds are frequently so located within 
natural or artificial waterways that they are virtually isolated 
insofar as their accessibility through the use of common forms 
of transportation is concerned. Effective and economical use 
of any herbicide material depends very largely on the exact dos¬ 
age applied under a given condition. 'The desired pattern of dis¬ 
persal and the rate of delivery per acre of a chemical mixture 
involve a series of problems that can be worked out best through 
a preliminary selection of equipment and the adjustment of the 
required attachments. Unit rate of application of herbicides over 
water generally is highly variable due to the difficulty of main¬ 
taining a uniform rate of travel under water-borne conditions 
of transportation. 

Certain areas of water weeds may be in favorable locations 
and are accessible to land spray or dust rigs with minor modi¬ 
fications. When such conditions exist, then the lowest cost of 
weed control can be expected. Under inaccessible conditions, 
however, the transportation costs of the chemical applicator and 
the needed crew may represent such a high ratio of total costs 
that it is often advisable to use a herbicide in excess in order to 
obtain a maximum effect from the treatment with a minimum 
movement of the equipment. Water weeds in close proximity to 
economic plants, whether crop or ornamental, necessitate' the 
use of accurately controlled methods in the application of most 
herbicides. A good rule to follow where there is any question 
of danger to the vegetation of adjacent areas is “don’t spray.” 

Water weeds, insofar as the problems of equipment for chem¬ 
ical application are concerned, can be divided into two general 
classes: (1) exposed or surface weeds and (2) under-water 
weeds. The herbicides used also can be divided into two general 
classes: (1) materials that are effective when deposited from 
the air and (2) materials that must be added to the water with 
varying degrees of mechanical mixi ng. 


—Agricultural Engineer, Everglades Experiment Station, Belle Glade. 
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Herbicide Equipment for Exposed Water Weeds 

Hyacinths represent exposed water weeds that can be ef¬ 
fectively controlled by surface applications of 2, 4-D or killed 
back with a contact material. Large open areas of water covered 
with a dense growth of hyacinths offer a favorable location for 
the use of the airplane equipped with a low gallonage 2, 4-D 
spray applicator. Mr. A. E. Holland, a speaker on this program, 
will explain the advantages of the airplane for use in large, mass 
killing of hyacinths and also outline for you what water weed 
locations are inaccessible for the practical use of the airplane 
and the kinds of herbicides that cannot be properly applied from 
the airplane. 

The Everglades Drainage District used the airplane quite 
extensively to apply 2, 4-D for killing the long continuous masses 
of well-exposed hyacinths in the arterial canals of South Florida. 
The first operation, commonly called the “mass-kill,” was very 
effective except on areas protected by certain forms of barriers 
which prevented exact applications of the chemical in this man¬ 
ner. Other agencies likewise have obtained excellent results in 
mass-killing through the use of the airplane 2, 4-D applicator on 
large, favorably located areas of hyacinths and on follow-up 
sprays after the hyacinths that escaped the first spray have 
reassembled. 

Old hyacinth growths and areas of high hyacinth compaction, 
caused by stream fiow or wave action, represent conditions vir¬ 
tually impassible for conventional forms of boats. The U.S. 
Army Engineers and certain South Florida drainage districts 
have equipped special boats with cutter heads that open up a 
passage for the boat fitted with a herbicide applicator. The most 
common form of a cutter head for a “saw boat” is a series of 
large diameter saws mounted on a mandrel across the bow of 
the boat. The saw action is to slit the growth and to force it 
under the boat, the traction of the saws on the hyacinth growth 
being a means of obtaining forward travel as described earlier 
in the program bv Mr. A. H. Brown. 

Many experimental units have been designed to use a single 
slitting saw and side traction chains to pull a boat through a 
hyacinth growth. Few references are available to indicate that 
such designs have received extensive practical use. 

Water weeds and other undesirable vegetation produce rank 
growths on shallow water areas, impassable for most boats. The 
game hunters of the Florida Everglades have developed a so- 
called “frog boat,” which, in jest, has been considered capable 
of navigating on a good dew. In actual operation the frog boat 
can be floated on a few inches of water and can travel over a 
light growth of sawgrass and other water weeds. This boat is 
generally powered by a small airplane motor with a conventional 
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air propeller, and is steered by an air rudder. With no means 
of reversing the direction of travel, the frog boat will have cer¬ 
tain limitations in the application of herbicides in areas with 
many obstructions. 

The Armed Forces developed many forms of landing craft 
and water vehicles during the past war. Frequently, the dense 
growth of water weeds and the tractionless value of the soil and 
sludge under the water growth prevent the use of the military 
forms of vehicles. 

Oil prospecting organizations have developed and construc¬ 
ted several forms of amphibious craft that might be extremely 
useful in chemical weed control in marsh lands. Conventional 
four-wheel drive trucks and cars have been modified for use by 
employing oversize tires and wheels or increasing the under¬ 
clearance by use of stub axles and chain drives. Figure 1 shows 



Figruie 1—Maish Buggy, developed and consUucted by Humble Oil 
and Eeiining Company. 


the “Marsh Buggy” used by Humble Oil & Refining Company. 
A similar unit, the “Mudhopper,” is described in detail in The Oil 
Weekly, September 28, 1946. The Gulf Refining Corporation 
have used a “Swamp Buggy” that was equipped with extra 
large balloon rubber tires that floated the unit in open water. 

The Everglades Drainage District has made extensive use of 
their water truck as shown in Figure 2. This unit furnished the 
transportation for a high-pressure pump unit that was used to 
spray 2, 4-0 through a brush hand gun as shown in Figure 3. 
In brief, this water truck consisted of an auto chassis equipped 
with four large steel cable spools that had been made air-tight by 
surfacing with plywood and then fitted with 2x4 inch timbers to 
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Figuie 2—Watei Tiuck with spiayme: equipment desiptned by 
Eveifflades Diama(>o Di&tiict, and consti acted by Evei glades Ex- 
poiiment Station 



Figuie 3—Spiay Brush Gun, a high-piessuie nozzle with hand 
contiol for vaiiable distance delivery and shut off of liquid 
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give traction. The wheels, six and one-half feet in diameter, 
require a relatively slow speed of rotation; hence, it was ad¬ 
vantageous to use a six horse power gasoline engine with a 15 
to 1 added speed reduction to that contained in the regular trans¬ 
mission and rear axle. While this water truck has certain limi¬ 
tations in maneuverability and it is not free from serious break¬ 
downs, the unit still represents one practical method of trans¬ 
portation for the application of chemicals under very difficult 
conditions. 

Spray Equipment 

The cutter head boat, the water truck, saw boat and the 
other means of transportation into jammed hyacinth growths 
make it desirable to spray or dust a very large area with the 
least amount of travel. Air currents can be used to aid the drift 
of dust applications applied from high velocity dusters if sur¬ 
rounding conditions will permit. Mist distributors, such as the 
Buffalo Turbin, have been used to cover a wide area with a herbi¬ 
cide by means of a drift. The Everglades Drainage District and 
other drainage units in Florida have used the basic elements 
of a high-pressure orchard spray quite extensively for the appli¬ 
cation of 2, 4-D. The final dispersion of spray has been through 
a conventional tree or weed hand gun. These spray guns, manu¬ 
ally controlled, can be directed as desired to cause the discharge 
to go some distance before the final breakup or to produce a fine 
mist distribution in close proximity to the operator. With the 
selection of available orifices and differences in pressure applied 
on the spray solution, the final particle size and range of distri¬ 
bution of spray can be varied widely. It should be emphasized, 
however, that these types of 2, 4-D applicators should not be 
used near sensitive vegetation. 

Hyacinth growths in narrow fringes, scattered groups, and 
in regular patterns in open water are logical locations for use 
of low gallonage, concentrated herbicides. The Everglades Ex¬ 
periment Station, in cooperation with the supervisors of local 
drainage districts, have worked out several forms of low cost 
applicators for patrol work from boats and land vehicles. 

Attention is called to a low gallonage spray unit made for 
the Everglades Drainage District (see Figure 4). The boat is 
a light weight skiff made of ply wood and is powered with a 
standard outboard motor. The distributor consists of a small 
gas engine and a small gear pump with “V” belt drive. A ball- 
spring pressure relief valve is so connected in line as to main¬ 
tain the desired liquid pressure and to by-pass the surplus 
pumped liquid into the storage tank, thereby keeping a well- 
mixed solution. A fine mesh screen or filter is used to keep the 
discharge line free of foreign matter that might clog the small 
orifices in the nozzles. Clusters of hyacinths along a canal bank 
were sprayed with 2, 4-D from a light weight “wand” distribu- 
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Pigui e 4 —Low gallonagc t.pi ay unit mounted on boat 
(Evoiglades Expcnment Station) 


tor made by Spraying System? Company. Variable width borders 
of hyacinth alona the canal bank were sprayed with an out¬ 
rigger boom equipped with several nozzles, each with a quick¬ 
acting shut-off valve. Both forms of spraying were possible at 
a moderate boat speed. This system represents a low cost patrol 
program for eliminating the potential regrow’th areas. 

The small, gasoline engine gear pump unit, through increas¬ 
ing the liquid pressure, was used for operation of a single noz¬ 
zle brush gun as explained for high-pressure spraying by increas¬ 
ing the liquid pressure. 

Records are available on land .spray rigs in the we.st that 
are equipped with very elaborate outrigger booms for low and 
high gallonage spraying over irrigation canals. The adaptation 
of hydraulic controls and u.se of .suitiible linkage can make a 
spray boom quite flexible in respect to location and range of 
effective action. 

Herbicide Equipment foi Uiidei water Weed Contiol 

Most underwater herbicides are effective in definite concen¬ 
trations, usually expressed in parts per million, and with a 
given dispersion maintained for a specific time period. These 
specifications involve the consideration of several hydraulic fac¬ 
tors associated with the determination of the quantity of water 
to be treated and mechanical factors of metering the chemical 
materials and their dispersion. 

Slow flowing streams or water areas subject to artificially 
controlled rates of flow, offer many advantages through the use 
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Figure 5.—Fixed station delivery of spray into 
stream. 

(Photo courtesy Cloroben Corporation) 


of a chemical applicator at a fixed station as shown in Figure 
5. Some herbicides are effective in discoloring the flowing water 
in a way that is helpful in determining distribution. The initial 
up-stream point of application may consist of a simple power 
unit that will dehver the required amounts of materials into 
the water through any number of spray nozzles of predeter- 
mmed type. Successive down-stream stations for herbicide ap- 
pli^tion will depend upon losses of the active chemicals and di- 
lutions resulting from water entering from side drainage areas. 
Adjustments in the rate of flow in artificially controlled streams 

chemical applications can result in very 
twlals^^ killing with the use of minimum amounts of ma- 


On the other hand, herbicide materials which cannot be 
distribution by water color changes (note 
S^Si^catten^^^^ careful calculations to obtain the desired rate 
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Piguie 6.—Rate of spray de¬ 
livered indicated by discolor¬ 
ing of water. (Photo cour¬ 
tesy Cloroben (Corporation) 


Underwater weeds are highly 
objectionable in drainage areas 
which have very low rates of flow. 
Under such conditions the erratic 
secondary channels of flow are of 
little value in assisting with the 
uniform mixing of the weed-killing 
chemicals. Under such conditions 
some form of equipment transpor¬ 
tation must be used to work out a 
pattern of uniform application of 
the herbicide. Dense underwater 
weed growths usually offer con¬ 
siderable resistance to common 
methods of propelling a surface 
craft. The so-called weedless pro¬ 
pellers are effective under certain 
conditions. Paddle wheels so con¬ 
structed that weed growth cannot 
tangle or adhere to the wheel have 
been used, an example of which is 
shown in Figure 7. Frog boats, 
marsh buggies and other special 
water craft will be effective within 
rather broad limits of use on wa¬ 
ters filled with submerged weeds. 


The distribution of liquids in still water and their adequate 
mixing into a body of weeds which it is desired to destroy may 
present a number of mechanical problems. If the chemical is 



Figure 7.—Boat witii paddle wheels. 
(Photo courtesy Cloroben Corporation) 
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more or less stable and has a high rate of diffusion or self-dis¬ 
tribution through a weed mass, then a few points of application 
may be simple. A power spray rig can be used to supply the re¬ 
quired chemicals through metering nozzles after mounting in a 
suitable transportation unit. Shallow underwater placement of 
a herbicide can be obtained when the nozzlCvS are mounted on a 
vertical drop boom extension. When these are set at a moderate 
back angle clogging and pulling of the underwater weed growth 
largely will be prevented. The typical discharge from a chemical 
metering unit generally does not have sufficient velocity to create 
a real mixing effect in the volume of water to be treated. 

High volume, high pressure pumps are capable of creating 
adequate turbulence adjacent to discharge into a large volume 
of water. The injection of the chemical mixture into the suction 
line of the large pump offers, on paper, a simple way of mixing 
chemicals into still water. In practice, however, there are many 
troubles due to the problems of transporting heavy power pump 
equipment under such conditions and, most important, the de¬ 
velopment of a suitable screen for the intake of the big pump. 

Chemical applications with multiple nozzles at several depths 
can be obtained in a body of water by two general methods with 
minimum clogging in the weed growth. (1) The main boom with 
nozzle extension could be given a cycloid motion by mechani¬ 
cal devices attached to the transport unit. (2) A sled runner 
boom extension could place the nozzles in protected locations 



Figuie 8.—Spray nozzles attached to 
cutter bar of mowing machine. 
(Everglades Experiment Station) 
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above the lowest level of the runner but below the water sur¬ 
face at predetermined depths. In some cases, a circular saw in 
front of the sled runner would help prevent clogging and give 
uniform depth of operation. 

Matured growths of water weeds, like land weeds, require 
excessive amounts of chemicals to obtain a kill. Mechanical mow¬ 
ing and covering the ground root area with a concentrated ap¬ 
plication of herbicide offers a new approach to this problem. 
Figure 8 shows a special sprav boom, constructed at Everglades 
Experiment Station, with many nozzles attached to the rear of 
a mower cutter bar equipped with stub guards. This unit gave 
a low and effective spray placement under very dense vegetation 
that was diflicult to cut with long-nosed mower guards. 

Off-Center Sprui/ Nozzles 

The Spraying Systems Co., Bellwood, Illinois, has recently 
developed a series of nozzles having a wide off-center fan-spray 
distribution, the spray being of relatively large particle size, 
suitable for 2, 4-D surface contact spraying. These nozzles are 
available in a dual assembly called “Boomjet Nozzles.” Through 
selection of size of orifice, liquid pressure, location above sur¬ 
face, etc., the assembly can give a wide range in rates and width 
of swath, for example, from 6 to 60 feet. This Boomjet, in 
single application, eliminates the need for a boom, which is a 
source of many difficulties when spraying in obstructed locations. 
The “OC” series of nozzles are so designed that they will pass 
relatively large particles of foreign matter in a spray solution. 
In practice, this means that less care is required in screening the 
water used in the spray mixture. Thus it may be possible for a 
boat spray unit to use water directly by suitable injection into 
a 2, 4-D spray mixture. 



EFFECTIVE AIRBORNE SPRAY EQUIPMENT 
FOR WATER WEED CONTROL 

A. E. Holland ‘ 

There are any number of 
variations in the equipment for 
aerial dispersal of herbicides. 
However, that which has come 
to be regarded as the more con¬ 
ventional is the light plane 
equipped with a tank, a blast- 
propelled pump and a boom ar¬ 
rangement with nozzles or other 
outlet. 

By light plane, we refer to 
the small sportsman-trainer type 
with horse power ranging from 
65 to 90 h.p. or the slightly heav¬ 
ier primary trainer type with 
horsepower ranging from 200 to 
300. Tanks installed have a car¬ 
rying capacity from 35 to 85 gal¬ 
lons of material and may be ei¬ 
ther of two general types. The 
internal tank which takes the 
place of one of the cockpits, is a 
permanent installation and has 
the advantage of carrying no ad¬ 
ditional drag to decrease the per¬ 
formance and maneuverability 
of the plane. The external tank, 
generally with a capacity of 83 gallons, is a detachable stream¬ 
lined fuel tank converted for this particular use. 

The pump, powered by a small fan extended into the pro¬ 
peller blast of the plane develops operating pressures ranging 
from 25 to 45 pounds depending on the number of nozzles, the 
size of orifice within the tips or other outlets if open boom ar¬ 
rangement is utilized. 

For the express purpose of applying herbicides, check valves 
affording quick, positive cutoff is highly desirable as protection 
against a drool resulting in loss of material in areas not in¬ 
tended to be treated. In many instances, these “areas” may be 
susceptible crops and the results are disastrous. Nozzles, with 
various interchangeable tips, or orifices, are one means of chang- 

. —^World War pilot, Bartow, Florida, Mr. Holland is highly experienced 

m air service work for agriculture and did a substantial part of the flying 
involved in the early program of hyacinth eradication under Everglades 
conditions. 
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inp: the overall rate of materials applied. Pressure, dispersal 
level and the swath flown are other factors in determining dos¬ 
age. Generally speaking, the volume of material ranges from 
three to eight quarts per acre in droplet sizes of 150 to 200 mi¬ 
crons. 

The helicopter is considered unconventional but verv effec¬ 
tive in its operation. Its advantages include slow and variable 
rate of travel plus accessibility to some areas considered hazard¬ 
ous and impractical for conventional craft. Its disadvantage lies 
chiefly in its cost and maintenance. 

In order not to overlook the original equipment for aerial 
application of herbicides mention must be made of the familiar 
duster planes which were used extensively in some areas to 
apply 2, 4-D in dust forms. Too numerous complaints on ex¬ 
tensive damage resulted in U. S. D. A.’s recommendation to the 
Civil Aeronautics Authority to ban this method and means of 
application. It is believed that leaky hoppers, inefficient hopper 
doors, and, in many instances, the operator’s lack of appreciation 
of the potency of the material handled, are contributing factors 
in this decision. However, the principal reason usually given 
is the too frequent uncontrollable drift. 

In conclusion, I might add that effectiveness of any equipment 
for the type of work under discussion depends largely on the 
operator—certainly airborne is no exception. 



THE EFFECT OF CERTAIN HERBICIDES ON THE WATER 
HYACINTH AND OTHER AQUATIC PLANTS 

F. W. zuR Burg' ' 

Dr. E. J. Kraus of the Uni¬ 
versity of Chicago is generally 
credited with having discovered 
the herbicidal properties of cer¬ 
tain auxins in the year 1941. 
The first published work ap¬ 
peared in Science in 1944. This 
publication and subsequent work 
gave clear indications that a new 
and powerful weapon, useful in 
the control of noxious weeds, had 
been discovered. 

The work on which this re¬ 
port is based was done in three 
phases: First, in the early spring 
of 1945 the writer, co-operating 
with Dean T. J. Arceneaux and 
Prof. Ira Nelson of the College 
of Agriculture of the Southwest¬ 
ern Louisiana Institute, initiated 
studies on the use of 2, 4-dichlo- 
rophenoxyacetic acid as a phyto- 
cide for the control of the water 
hyacinth. In the second phase, 
the writer continued these stud¬ 
ies in 1946 as a collaborator 
with the United States Depart¬ 
ment of Agriculture. In the final phase, the writer acted as con¬ 
sultant with the New Orleans District of the United States 
Corps of Engineers. 

Prior to 1945, Prof. Nelson had made several attempts to 
remove the hyacinth cover from a small two acre lake known 
as Lake Fletcher and located on the Southwestern campus. Mr. 
Nelson attempted crude mechanical methods first, but this proved 
unsuccessful. Later, he attempted to destroy the plants by spray¬ 
ing them with fuel oils. This second method also proved to be 
fruitless since the re-growth appeared to exceed the original 
stand of plants. 

It will be recalled that very little had been published on the 
herbicidal properties of the phenoxy compounds in 1945. At that 
time, it was customary for investigators to dissolve 2, 4-D (the 
parent acid itself) in polyethylene glycol and to prepare the final 

—Piesented by R. V. Allison 

—Chemist, Southwestern Louisiana Institute, LaFayette, La 
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spray solution by mixing the glycol solution with water in the 
required amount. Because of this solubility dilliculty, the writer 
first determined to examine the herbicidal properties of various 
compounds related to 2, 4-D with the hope that some of them 
would show better water solubility and perhaps better herbi¬ 
cidal activity. Dozens of these compounds were prepared in the 
laboratories at Southwestern. In the years that have followed 
that study, most of the compounds prepared have appeared on 
the market and a great deal of work has been done by many in¬ 
vestigators on these commercial products. 

Insofar as I can determine, Lake Fletcher was the first siz¬ 
able body of hyacinth plants to be subjected to 2, 4-D compounds. 
This work was done early in 1945 and the results of the first 
work done were highly satisfactory. Because of the age of this 
first experiment, the lake was carefully watched and no hyacinths 
have been allowed to bloom on that body of water. The object 
in watching the lake has been to study the viability of the seed. 
During 1946 the hyacinths on the lake were allowed to grow 
but the blooms were hand picked daily. At the end of the 1946 
season, about one per cent of the original area was again covered 
by hyacinths. The 1946 crop was destroyed with 2, 4-D. During 
this past year; i.e., the 1948 season, about two dozen plants were 
seen on the lake. From this, it would seem that under the con¬ 
ditions encountered in Lake Fletcher, the seed are not the serious 
consideration that they have been thought to be by some investi¬ 
gators. Plants of the size originally sprayed on the lake run 
between three and five hundred thousand to the acre. Thus the 
hyacinth cover of the lake decreased from about three quarters 
of a million to a couple of dozen in the period mentioned. 

A number of things were learned that first year. For ex¬ 
ample, it was found that “tub tests” and green house tests did 
not always give the same results as did field tests. Just what 
caused these differences was not determined. It might be the 
fertility of the water or the oxygen tension of the water. I feel 
sure that there is a difference in glass filtered sunlight and that 
of the open field. 

But during the winter, the greenhouse tests did give us in¬ 
dications and did prepare for the following year. During the 
1946 season, the writer had the good fortune to work under the 
direction of Mr. W. L. Kephart of the U.S.D.A. Bather elabo¬ 
rate plans were made to decide just what was to be done and how 
the experiments were to be carried out, but I shall proceed to 
describe the work of that season and to give some of the results. 

For one thing: a difference had been noted in the herbi¬ 
cidal activity of the water soluble salts of 2, 4-D and the oil 
soluble esters and parent acid. It was first decided to contrast 
the wetting properties of the carrier oil in the oil emulsion ester 
sprays with the straight aqueous solutions of the 2, 4-D salts 
to which wetting agents were added. For these tests a spray 
solution having a concentration of 1000 parts per million of 2, 
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4-D acid or its equivalent as an ester or salt was used. To make 
the tests more uniform, spray applications were made at the 
rate of 200 gallons per acre. 

Arbitrarily, the butyl ester was taken for a standard since, 
in oil emulsion, this compound was known to have good herbi- 
cidal properties. The average of several tests indicated that 
when this material was used, good epinasty resulted at the end 
of about 24 hours and that at the end of eight weeks the recovery 
or re-growth was about 2 per cent. It might be mentioned at this 
time that some herbicides give good immediate results, or ap¬ 
parently give an immediate kill; yet, when the plants are ex¬ 
amined it is found that the rhizomes have not been affected. Of 
course, the final results of such a herbicide are worthless. It is 
believed that a great many erroneous reports have found their 
way into print because the results have been read too soon. Thus, 
the eight week period was taken as the minimum final time of 
final reading and most results have been watched for four 
months. 

Contrasting with the butyl ester, the sodium salt in the above 
mentioned concentration and quantity was used. It was found 
that when the salt and water alone were used that there was 
only slight epinasty at the end of 24 hours and that there was 
about a thirty per cent recovery at the end of eight weeks. 

Next, a series of tests were made by adding various surface 
activators or wetting agents to the solutions of the sodium salt. 
About three dozen or more commercial wetting agents were 
tested. This list includes soda ash, soap, sodium salts of sul- 
fonated petroleum hydrocarbons, sodium lauryl sulfate, manni- 
tan monolaurate and many others. The soda ash increased the 
ability of the water to film the surfaces of the hyacinth leaves but 
did not appreciably increase the kill. With about three pounds of 
soap per hundred gallons the epinasty was better at the end of 
one day and the kill was slightly better at the end of eight weeks. 
A great many commercial wetting agents gave excellent results. 
Among them might be mentioned the Atlas’ Company’s “NNO,” 
Monsanto’s “Areaket 300,” Rohm and Hass’ “Triton K-lOO,” du 
Font’s ‘TN-181-P” and Atlantic Refining Company’s “Ultrawet.” 

It will be noted that in subsequent tests the wetting agent 
“Ultrawet” has been used rather extensively. This does not mean 
that it necessarily pves the best results, but rather that it gives 
an excellent herbicidal solution when acting as a wetting agent 
with the sodium salt and that it is relatively cheap and that only 
a small quantity is required. 

It was found that the use of excessive amounts of the surface 
activators caused the herbicidal solution to drain too rapidly 
from the leaves and that a small amount did not give good wet¬ 
ting nor materially increase the kill. By trial and error, it was 
found that Ultrawet is best used in a concentration of from six 
to eight ounces per hundred gallons of 1000 p.p.m. sodium salt 
spray solution. 
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During the 1946 season, attempts were made to determine 
the length of time necessary for the hyacinth to absorb a lethal 
dose of 2, 4-D. It is obvious that such studies were necessary 
since a rain following a spray application would tend to wash 
the herbicide from the plant leaves. 

An early set of experiments was carried out in thirty gallon 
wooden tubs. Each tub contained a dozen or more healthy water 
hyacinth plants, and the water in each tub contained about two 
teaspoonfuls of concentrated fei’tilizer. 

In each experiment the hyacinth plants were removed from 
the water and inverted. While in this inverted position the plants 
were thoroughly sprayed with the particular herbicidal formu¬ 
lation being worked with. After various intervals of time, the 
inverted plants were thoroughly washed with large amounts of 
water. The amounts of water used corresponded to an almost 
impossible weather situation, since in terms of rainfall the wash 
water would be about six inches of rain per hour. 

It was observed that time of contact required for almost all oil 
emulsions was practically zero. It is safe to say that five minutes 
of contact was sufficient in the tub experiments. This, it is 
believed, is due to the fact that it is almost impossible for a fresh 
water wash to remove completely the oil film from the leaves. In 
a field test, a plot was sprayed with an oil emulsion of an ester 
during a light rain. Practically a hundred per cent kill resulted. 
In another test, a quarter acre plot was sprayed with 100 gal¬ 
lons of the butyl ester of 2, 4-D in oil. The concentration as 2, 
4-D acid equivalent of the solution was 0.1 per cent. Within 
twenty minutes after the spraying was completed, the plot was 
washed by the heavy rain of a thunder shower. Apparently, 
there was no marked difference in the amount of kill obtained 
in this plot and the kill obtained under dry conditions. 

In the tub tests, when water solutions of the sodium salt 
were used as the herbicidal spray, the contact time appeared 
to be about ten minutes. That is, some plants were killed after 
a five minute exposure, whereas some required as much as fifteen 
minutes. When wetting agents were added to these aqueous 
sprays, the average time required was about five minutes. 

In a field test, a quarter of an acre of hyacinths was sprayed 
with 100 gallons of the sodium salt of 2, 4-D having an acid equi¬ 
valent concentration of 0.1 per cent. This amount of solution 
contained six ounces of Ultrawet as a surface activator. The 
spraying was followed in about 45 minutes by a drenching rain. 
At the end of eight weeks the per cent kill was only about 40 
or 50 per cent. 

It is believed that oil emulsions of 2, 4-D may be used during 
light rains and still retain their herbicidal activity. Straight 
aqueous solutions probably should not be used if rain is antici¬ 
pated within a few hours, or perhaps if cumulus clouds are 
forming and turning dark. 

From the view point of the U. S. Corps of Engineers, it 
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would be desirable to have an herbicide that would not only- 
kill the hyacinth, but it would be still more desirable to have a 
material that would destroy the plant and cause it to sink rather 
rapidly in the water. The Engineers are particularly interested 
in this since their main objective is to open waters to navipration 
and the dead plants offer practically the same hazard to navi¬ 
gation as do the live plants. 

In 1946, methods of bringing about the accelerated sinking 
of the hyacinth plants were worked on. At first, it was thought 
that by increasing the fertility of the water the organisms which 
bring about the decomposition of the plants might be stimulated. 
Repeated tests gave no hope for this method. The waters were 
fertilized with large and small amounts of commercial fertilizers 
and with variations in the nitrogen, phosphorus, potash ratio. 
Barnyard manure was also applied to the dead plants with nega¬ 
tive results. 

A few other things were done in 1946. For example, dyes 
were added to the spray solutions. With such solutions it was 
hoped that the plants could be marked so that the spray operator 
might easily see the results of his work. Some of the purple 
dyes gave good desuits, but when the amount of dye used was 
considered and the cost of this dye was added to the cost of the 
solution, it was decided that the use of dyes on a large scale was 
not feasible. 

One fact might be mentioned in connection with the desirabil¬ 
ity of marking the work of the spray operator. It was noticed 
that the wetting agents (or the carrier oil in the ester sprays) 
served as a marking agent. The leaves of the hyacinth are so 
completely wetted that they reflect considerable incident light. 
Thus, the wet leaves stand out in contrast with the leaves re¬ 
maining unsprayed. As for an inspector checking on the work 
of a spray rig operator—^if a good 2, 4-D formulation is used the 
inspector need only wait 48 hours before making his check and 
he can then most certainly tell by the epinasty of the plants 
where the operator was lax in his application. 

During the summer of 1947, the writer was privileged to 
work as a consultant with the New Orleans district of the U.S. 
Corps of Engineers and to be associated in this work with Mr. 
W. E. Wunderlich whose work on mechanical destruction is well 
kno-wn. 

One of the things attempted in this season was to continue 
the work on “sinking agents.” I might mention that between 
1946 and 1947 a great many water hyacinth experts developed 
in Louisiana and that 2, 4-D was discovered and re-discovered 
at least fifty times. We also developed a number of “sinking 
experts” during that period. When some of these claims were 
investigated, it was found that “sinking” as defined by the new 
expert consisted of the sinking of the plants to the water level 
and not a total submergence. 

One of the interesting “sinking agents” developed in this 
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period was Schweitzer’s Reagent. The writer does not doubt 
that this reagent will dissolve the cellulose of the water hyacinth 
since this is the notable chemical characteristic of cuprammon- 
ium hydroxide. But, considerable amounts of the reagent would 
have to be used per acre and the material is expensive. It is 
also true that soluble copper is very toxic to both plant and ani¬ 
mal life. Of course, we were trying to use a material that was 
relatively non-toxic to fish and other aquatic life. For this rea¬ 
son, the writer did not use Schweitzer’s Reagent except in tub 
experiments. 

Remembering that the paper and pulp industries have settled 
on certain chemical reagents for the separation of cellulose and 
the lignin binder in the production of their product, it was 
thought that some of the agents might be of use in breaking up 
the water hyacinth plant. As a result, 2, 4-D solutions contain¬ 
ing various amounts of caustic soda were tried both for herbi- 
cidal action and as a “sinkine agent.” 

To briefly summarize the results: It was found that the caus¬ 
tic digested the waxy surface of the leaves and stems and al¬ 
lowed subsequent rotting to proceed more rapidly. It is not 
believed that caustic solutions of less than 1 per cent NaOH by 
weight have very much effect but that solutions of caustic in 
which the alkali content is between one and three per cent are 
fairly satisfactory as a decomposition accelerator or “sinking 
agent.” For example, when a plot was treated with a solution 
consisting of 1000 p.p.m. of the sodium salt of 2, 4-D and 2.6 
per cent sodium hydroxide, over half the plants submerged and 
sank within 40 days. This is a considerable improvement over 
the normal period of months. The writer believes that this is 
not necessarily the answer, but that continued studies along this 
line should be made. Reagents other than caustic soda might be 
used. 

As for the toxicity of caustic soda to fish: It is not necessary 
to apply more of the solution than that amount required to wet 
the leaves of the plants. The digesting action is almost immedia- 
ate and can be observed. After exposure to the atmosphere, the 
caustic is soon converted to the carbonate. This compound, if 
allowed to get into the water, does not appear to bother the 
aquatic life. 

Further attempts were made to activate the water soluble 
2, 4-D salts and to bring them to the herbicidal activity of the oil 
soluble esters. It was observed on small plot operations that the 
addition of mineral acids to 2,4-D solutions appeared to increase 
the activity of the herbicides. Jones mentions this fact in his 
patent. By trial and error, it was found that the addition of 
about four or five ounces of sulfuric acid to 100 gallons of spray 
solution containing 1000 p.p.m. of the sodium salt gave excellent 
results. 

It might be said that the addition of the acid to the sodium 
salt of 2, 4-D simply forms the parent acid of 2, 4-D and this is 
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true. It might be argued that the solution should be made with 
2, 4-D itself and then less acid would be required and this is also 
true. But, the 2, 4-D acid is hard to dissolve in water whereas 
the sodium salt can be dissolved with ease; thus, it is easier for 
the operator to start with the salt and to waste a small amount 
of acid. 

In all cases when five or six ounces of sulfuric acid were add¬ 
ed to the 100 gallons of 0.1 per cent 2, 4-D sodium salt solution 
to which a few ounces of Ultrawet had been added, the per¬ 
centage kill was noticeably better; in fact, such spray solutions 
are as effective as the oil emulsion ester formulations and are 
much cheaper. 

It might be well to add a few words about droplet or particle 
size of the sprayed solutions. During 1947 we tried various types 
of sprays to determine effectiveness of each. At first, it seemed 
to make little difference as to whether we used a solid, heavy 
stream of the herbicidal solution or a fine fog. With plants of 
moderate size there is probably no difference. However, when 
the treated plants were very high; that is, over three feet in 
height, the fog sprays did not work as well. Apparently, the 
fine fog can not penetrate into the depths of the heavy vegeta¬ 
tive growth. 

Of course, small droplets do not settle as fast as large drops 
and with fogs more wind drift may be expected. The Louisiana 
Conservation Department had some unfortunate trouble with 
wind drift of dusts of small particle size. In some of our ex¬ 
periments with small drop sizes, using aqueous sprays, we 
noticed damage to adjacent vegetation even when the utmost 
care was used to eliminate or control the drift. 

A lot of other things were done. The list of known herbicides, 
organic and inorganic, were again tested. Mixtures of various 
herbicides were tried. But, the story is long and the results, in 
most cases were unsatisfactory. 

The effect of herbicides on alligator weed was also considered. 
As is known, 2, 4-D will easily control this pest when it grows 
on land, but the same phsrtocide is unsatisfactory when this plant 
is growing in water. However, a fair control of alligator weed 
was obtained by making heavy applications of emulsifiable ortho 
dichlorobenzene. Also, some hope was given by two experiments 
in which an emulsifiable mixture of carbon tetrachloride and oil, 
containing 2, 4-D was used as the spray solution. This emulsion 
is heavier than water and settles. It will be admitted that both 
of these treatments are harmful to aquatic fauna. 

To summarize, perhaps a few comments and a few personal 
opinions should be expressed. We all know that the hyacinth 
problem is big and that vast areas are concerned; but we also 
know that immeasurable benefits would follow the elimination— 
or perhaps, I should say—^the control of this weed. We might 
start with the cost of materials. In many cases we have been 
paying too much for our equivalent 2, 4-D. 
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In order to whip the hyacinth problem in Louisiana, perfect 
co-ordination of known mechanical and chemical methods will 
probably be required. It is not intended that the two methods 
should be contrasted; for, they are each adaptable to entirely 
different situations. The saw boats can not get close into shore 
and therefore always leave a fringe to re-infect the streams. 
At the same time, it is almost impossible to drag heavy spray 
equipment through the hyacinth jams without first having a 
way cleared by the saw boats, and certainly no chemical can 
open the streams as rapidly as the saw boats can at the present 
time. 

Mention has been made of the fact that the hyacinth has 
been practically eliminated on a small lake on the Southwestern 
campus. But this was just a two acre plot. Near Lake Arthur 
Louisiana, we practically eliminated the hyacinth over a vast 
area. In this area, the waters flow in both directions. That is, 
the flow depends on whether the gulf or the swamps are exert¬ 
ing the greater water head. 

The writer believes that we have got to use chemicals if we 
want to accomplish any permanent good. Let us suppose that 
it would cost as much to chemically spray an area as it costs to 
mechanically saw the same area. The mechanical process must 
be repeated year in and year out and the cost remains constant. 
But with the chemical method the cost decreases each year and 
would eventually disappear. 

It is a big problem, but I am sure “it can be done.” 



THE CONTROL OF AQUATIC WEEDS BY CHEMICAIi 
METHODS IN THE FLORIDA EVERGLADES 

("HAELES 0. Seale 
Introduction 

Since the first tests on the Hillsboro canal during the late 
spring of 1945 with 2, 4-D a considerable amount of experimen¬ 
tal work has been done on the determination of suitable chemical 
methods for the control of water hyacinths and other aquatic 
weeds by several persons and agencies in the State of Florida. 

The Jacksonville office of the U. S. Army Engineers, War 
Department under the direction of Colonel Teale has made a 
thorough investigation of the extent of the infestation of the 
waterways of Florida with the more important water weeds, and 
has sponsored an extensive program of experimental work for 
the eradication of these pests. In a certain phase of this work, 
Evans (3), working out of that office, gave cooperative assistance 
to the project. 

The systematic eradication of water hyacinths in the Florida 
Everglades was commenced in 1946 by the Everglades Drainage 
District. This work, largely by air spray, proved so successful 
that it was later extended to include a large scale control of these 
pests in the principal arterial canals of this area. Johnson (5) 
has given the Board of Commissioners of the Everglades Drain¬ 
age District a comprehensive report of the scope of this work and 
the results obtained during the period 1946 to 1948 (See Appen¬ 
dix, pp. 212-219) 

Hilderbrand (4) experimented in 1945 with 2, 4-D for the 
control of water hyacinths, as we now also learn did Dr. F. W. 
zur Burg (7) and his associates in Louisiana during the same 
year through the paper he has given on this Symposium. 

During the period under review a considerable amount of 
experimental work also was done by Allison and Seale (1) at 
the Everglades Experiment Station on the control of water 
weeds. 

From November 1945 until June 1948 particular attention 
was paid to the control of water hyacinths, Eichoniia crassipes 
Solms. More recently, however, and especially since the success¬ 
ful removal of larger quantities of water hyacinths from the 
drainage system of the Florida Everglades as a result of the un¬ 
tiring efforts of the Everglades Drainage District, work has been 
commenced on the control of other aquatic plants, both of the 
submerged and emergent types, which tend to take the place of 
water hyacinths. Many of these plants already have clearly 
demonstrated their ability to become very serious pests, and it 

*—Associate Agronomist, Everglades Experiment Station, Belle Glade, 
Florida. 
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seems likely that the working out of suitable methods for their 
control may be more difficult than in the case of the water 
hyacinth. In the initial stages of this more recent work by the 
Everglades Experiment Station, special attention has been fo¬ 
cused on chemical methods for the control of certain submerged 
types of aquatic plants such as Naj'as sp., C<ratophijlhim sp. 
and Aiiachatis sp. very common water weeds which produce 
dense growths in many of our canals and farm ditches. 

In this paper is presented an outline of experiments with 
chemical methods for the control of water hyacinths, and some 
preliminary findings of work recently commenced on certain 
submerged aquatic plants. 

THE CONTROL OF WATER HYACINTHS 
Description of Plant 

The water hyacinth, Eichornia crassipes Solms., is a member 
of the pickerel weed family, Pontederiaeeae. This plant is gen¬ 
erally found growing in areas of fresh water such as ponds, 
lakes, canals, streams and rivers. It can tolerate somewhat 
brackish water, but is not very winter hardy. In the Everglades 
area, plants grow very vigorously and attain frequently a height 
of 60 inches, and a density of 200,000 per acre. 

Propagation generally occurs vegetatively by means of sto¬ 
lons, but a few plants are also produced from seed, when suitable 
conditions exist. The young plants have bladder-like petioles 
which are their principal means of flotation, but as they grow 
older the petioles become slender. As the plants continue to 
grow to maturity they develop rhizomes which may be as long 
as 10 inches. 

Distribution op Hyacinths in Florida 

A recent survey conducted by the War Department, U. S. 
Army Engineers, indicates that Florida is the major area of in¬ 
festation in the Southeastern section of the United States and 
that about 63,000 acres in the State are now infested with this 
obnoxious pest. The areas of greatest infestation are the Kis¬ 
simmee, St. Johns and Withlacoochee rivers, which account for 
about 60 percent of the total area involved.* 

An extensive program of eradication by the Everglades 
Drainage Board has now considerably reduced the incidence of 
this pest in the principal arterial canals of the Everglades drain¬ 
age system, but the plant is still very prevalent in the smaller 
canals and farm ditches of this area. 

Benefits to Be Obtained From the Control op Water 

Hyacinths 

In the flat agricultural lands of the Florida Everglades, 

'—Reported on in detail in this same volume of the Proceedings, pp. 
21-28, by J. A. Hammack. 
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where the elevation rarely exceeds 16 feet above sea level, the 
most important benefits to be obtained from the control of water 
hyacinths are improved conditions for fiood control, drainage 
and irrigation. 

Flood damage caused by hurricanes in South Florida has been 
very great during the past two seasons, and any means of re¬ 
ducing this hazard is of paramount importance to the agricul¬ 
tural interests in this area. Furthermore, any improvement in 
facilities for the removal of flood waters will obviously also bene¬ 
fit the normal practices of drainage and irrigation. 

It has been estimated by Clayion and Neller (2) that dense 
growths of hyacinths in the main canals of the Florida Ever¬ 
glades are capable of reducing the discharge capacity by about 
50 percent, and also that the transpiration rate from such a 
cover will be about three to four times the evaporation rate from 
open water surfaces. The former condition severely impedes 
drainage, and the latter causes heavy losses of water during the 
dry season when irrigation is sometimes practiced.* 

The presence of large masses of water hyacinths have very 
harmful effects on fish and wildlife, and the removal of the 
plants would greatly increase productivity from these sources.** 

Many of our lakes and streams have high potential values 
as places of recreation for fishing, boating and swimming, if 
they were freed from undesirable aquatic weeds. Also the large 
scale removal of the plant would greatly facilitate commercial 
navigation, and would reduce the cost of water treatment for 
public use and malarial prevention. 

Methods of Control With 2, 4-D 

(1) Earlier Experimental Work 

During 1946, a considerable amount of experimental work 
was done with 2, 4-D for the control of water hyacinths. Alli¬ 
son and Seale (1) presented the results of several tests made 
by the Everglades Experiment Station, and Evans (3) reported 
on hyacinth control investigations performed in cooperation with 
the War Department, U. S. Army Engineers. 

In these early tests comparisons were made between spraying 
and dusting, and the latter method was found to be uneconomi¬ 
cal and impractical under Everglades conditions even before it 
was outlawed by the Federal government. 

Different chemical forms of 2, 4-D also were applied at rates 
ranging from 0.4 to 6.0 pounds of 2.4-D acid equivalent per acre 
in aqueous sprays of high gallonage, that is 100 to 200 gallons 
per acre. 

The chemical types of 2, 4-D used in these tests included the 

—^These relationships reported on in detail by D. B. Bogart, pp. 
32-52 this same volume of the Proceedings. 

,.o relationships reported on in detail by J. J. Lynch, pp. 

58-65 of this same volume of the Proceedings. 
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inorganic salts (sodium, ammonium and potassium), the esters 
(butyl, isopropyl, methyl and ethyl) and the amine salts (tri¬ 
ethanolamine and alkanolamine). 

The results obtained from these earlier tests indicated that 
the esters and amine salts produced somewhat stronger effects 
than the inorganic salts of 2, 4-D, and that good herbicidal re¬ 
sults were obtained from the application of 1.3 to 1.6 pounds 
of 2, 4-D acid equivalent in the form of the ester or amine salt. 

The above mentioned experiments with 2, 4-D applied by 
ground spraying equipment in aqueous solutions were followed 
by trials involving the application of 2, 4-D by airplane at the 
low gallonage rate of about two gallons per acre. These trials 
indicated the desirability of using the oil miscible ester instead 
of the water soluble amine salts. 

This latter method proved very satisfactory, and as a result 
large scale control operations for the removal of water hyacinths 
from the arterial canal system of the Everglades were initiated 
by the Everglades Drainage Board. 

At the present time a large quantity of the hyacinths have 
been removed from many of the principal arterial canals in this 
area, and a method of patrol by boat has recently been set up to 
take care of remaining fringes along the banks of the canals. 

(2) More Recent Work: 

From the middle of 1947 until the present time a great deal 
of attention has been paid to the application of 2, 4-D at the low 
gallonage rate of approximately six gallons per acre by ground 
spraying equipment, and much of this work has been carried 
out with equipment loaned to this Station or especially con¬ 
structed by the staff of the Agricultural Engineering Division 
of the Everglades Experiment Station. This method of spraying 
has many advantages over the more conventional type of high 
gallonage spray equipment. 

The most important of these are the much lower initial cost 
of the equipment, its lightness of handling and the greater 
economy in the time and cost of applying the spray materials. 

Attention also has been given to a comparison of herbicidal 
effects of these low gallonage sprays with those of higher rates 
of application. 

In March 1947, an experiment was laid out which was de¬ 
signed to test the effects of applying 2, 4-D in the form of the 
butyl ester at rates ranging from 2 to 200 gallons per acre. 

Four weeks after spraying, representative samples of hya¬ 
cinth plants were removed from the plots in order to determine 
the effects of treatments on the growing points and rhizomes of 
the hyacinth plants. 

The results of this experiment are presented in Table I from 
which the following conclusions can be drawn: 

(1) the low gallonage oil sprays were far superior to the 
higher gallonage aqueous sprays. 
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TABLE I— Results or Spray Tests 
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(2) with the aqueous sprays, better results were obtained 
when the rate of application was 25-50 jjallons per acre 
than when it was 100-200 gallons per acre. 

On the basis of this and many other results subsequently ob¬ 
tained from numerous trials, we consider that the most effective 
control of water hyacinths can be obtained by spraying either by 
airplane or ground equipment with an eater of 2, 4-D at the 
rate of 1.0 to 1.5 pounds of the acid equivalent in No. 2 diesel oil 
at approximately two to six gallons per acre. 

THE CONTROL OF CERTAIN SUBMERGED AQUATIC 

PLANTS 

Type op Plants Used in the Experiments 
In the initial stages of this most recent phase of the experi¬ 
mental work on the control of submerged aquatics, which is 
being carried out by the Everglades Experiment Station, two 
types of plants namely, Najas sp. and Ceratophyllum sp., were 
selected for detailed study. These plants are commonly found 
making dense growths in the canals and farm ditches of the 
Everglades region of Florida. 

Chemicals Used In the Treatments 
The herbicidal effects of the following chemicals were com¬ 
pared in our tests: 

(1) a chlorinated benzene 

(2) seven different types of solvent napthas 

(3) hexachloroethane dissolved in a special type of oil de¬ 
rived from coal tar and diluted (1:1) with No. 2 diesel 
oil. 

The solvent napthas used in the tests had the following range 
of physical properties: 

Flash Point 90-250° F. 

Mixed Aniline Point 51-135° F. 

Kauri-Butanol Value 100-118 ml. 

A.S.T.M. Distillation 

Initial Boiling Point 276-425° F. 

50% Point 282-504“ F. 

96% Point 286-614° F. 

Final Boiling Point 302-740' F. 
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Experimental Procedure 

During the early part of September 1948 small scale experi¬ 
ments were laid out in the greenhouse at the Everglades Experi¬ 
ment Station. In these tests plant material of Najas guadalu- 
pensis (Spreng.) Morong and Ceratopliylhnn demersum L., were 
placed in water-filled glass containers and were treated with 
the chlorinated benzene, the solvent napthas and the hexachlo- 
roethane mixture at concentrations of 100 and 200 ppm. 

An emulsifying agent, Triton x-100, was added to all the 
treatments involving the use of the solvent napthas and the 
hexachloroethane mixture at the rate of five percent by volume. 
The results of these tests are dealt with in the following section. 

At about the same time two experiments were laid out on 
a heavy mixed growth of Najas sp. and Ceratophyllum sp, in 
a canal located in the Clewiston area to test the herbicidal effects 
of the above chemicals under actual field conditions. Very un¬ 
fortunately, however, all of the experimental plots were com¬ 
pletely destroyed by the flood conditions which accompanied the 
hurricane of September 20-21, 1948, and it was decided that 
no further attempts should be made to set out field trials until 
the hurricane season had passed. 

Eesults 

The results of the greenhouse tests indicate that several of 
the solvent napthas, with added emulsifier, showed considerable 
signs of promise, and gave results that were practically as good 
as that of the chlorinated benzene for the range of values tested. 
It should be noted, however, that when the emulsifier was not 
added to the solvent napthas as indicated very poor results were 
generally obtained. 

The hexachloroethane mixture did not give as good results 
as the other types of chemicals. The manner in which the hexa¬ 
chloroethane was used in these tests was suggested by a com¬ 
mercial supplier, but it may be possible to improve its effects by 
altering the method of application. 

Chlorinated benzene formulations have commonly been used 
in the past for the destruction of growths of submerged aquatic 
plants. However, the recent work of Moran and Shaw (6) has 
demonstrated that solvent napthas also have a strong ph;^ocidal 
action on certain water weeds. 

No definite price quotation appears to be available yet for 
the solvent napthas, but indications are that their cost will be 
considerably less than the chlorinated benzene products. Con¬ 
sequently the use of the solvent napthas for the control of sub¬ 
merged aquatic weeds may prove to be both satisfactory and eco¬ 
nomical. 

In the determination of the treatment effects in our green¬ 
house tests, particular attention was paid to the following con¬ 
ditions : 
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(1) the length of time taken for the treated plant material 
to sink to the bottom of the containers. 

(2) the commencement of decomposition of the dead plant 
material and the rate at which it progressed to the final 
stage. 

Quite obviously more attention was paid to conditions (2) 
above than to (1). 

It is thought that the method of small scale testing in the 
greenhouse previously outlined could be utilized advantageously 
for a rapid evaluation of a large number of herbicides intended 
for use in the control of certain submerged aquatic weeds. After 
the best herbicides had been screened out in the pot tests, then 
this lesser quantity of good materials could be included in large 
scale field tests, which would be considered as the source of more 
conclusive results. 


Summary 

(1) The work which has been done during the period 1945 
to 1948 for the control of water hyacinths and other aquatic 
weeds by several persons and agencies in the State of Florida 
is reviewed. 

(2) A method for the control of water hyacinths, based on 
several years of experimental work, is presented. This method 
involves the spraying of the plants, either by airplane or ground 
equipment, with an ester of 2, 4-D at the rate of 1.0 to 1.5 pounds 
of 2, 4-D acid equivalent in No. 2 diesel oil at approximately two 
to six gallons per acre. 

(3) Since the large scale removal of the water hyacinths 
from many of the arterial canals of the Florida Everglades by 
the Everglades Drainage District, other aquatic plants have 
clearly demonstrated their ability to become obnoxious pests. 
Consequently particular attention is now being paid by the Evei- 
glades Experiment Station to methods of control for the sub¬ 
merged aquatic weeds, Najas sp. and CeratopkyUum sp. Prelim¬ 
inary results of pot tests indicate that certain solvent napthas 
gave a satisfactory control of these plants. This control was 
practically as good as that obtained with a chlorinated benzene 
product. 

(4) The work on submerged aquatic weeds at the Everglades 
Experiment Station is being continued. 
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CONTROL OF SUBMERGED AND EMERGED WEEDS IN 

THE FEEDER CANAL OF THE WEST PALM BEACH 
WATER SUPPLY SYSTEM 

Rudolph P. Tomasello' 

This is a report of a chemical weed control project conduct¬ 
ed in the West Palm Beach Water Company’s canal for the 
control of submerged and emerged aquatic plants that were im¬ 
peding the water flow. This canal was dug to drain water from 
the Loxahatchee slough into Lake Mangonia which serves as the 
reservoir for the West Palm Beach Water Company. 

While chemical control of submerged aquatic weeds in ir¬ 
rigation systems in the West has been in use for some time, 
and has also been used in this State, there are still many factors 
in the use of chemicals for this purpose that are not too well 
understood. 

There were many species of aquatic plants in the canal but 
the most proliflc and troublesome plants wore Eelgrass (Val- 
lisneria americana), the White Water Lily (Nymphaea odorata) 
and the Yellow Water Lily (Nephar advena). 

It was suggested by several authorities that two applica¬ 
tions would be necessary because of the density of the weed 
growth. In this case it proved to be correct. 

At the time of the first application, the canal averaged about 
thirty feet across and its greatest depth was about four feet. 
The water level was extremely low and a static water condition 
existed. Certain portions of the canal were completely choked 
by the weed groi/^h, so much so that we found it necessary to 
put men on each bank to pull, with ropes, the rowboat that held 
the sprayer. A spray boom was used that reached from shore 
to shore. The even pull of the men on the opposite shores kept 
the boat in the middle of the canal, making for a uniform ap¬ 
plication. 

A gear-type pump was used but in order to develop greater 
pressure this was supplemented by a plunger-type. The plunger- 
type pump became inoperative very soon because the chemical 
used destroyed the plungers and packing. It was necessary to 
use Neoprene hose as the chemical caused disintegration of 
natural rubber. 

The material used for the first application was Benoclor-3, 
which was found to have certain disadvantages. This material 
is very hard to emulsify, requiring pressure up to 200 pounds 
for good emulsification, and even after emulsification it had a 
tendency to break and settle qtiickly to the bottom of the canal. 

The average spray pressure used was about 30 pounds. It 
appeared that the best results were obtained when the Benoclor 
stayed in suspension and in contact with the weeds the longest 

—Technician, Wilson Spraying and Supply Company, W. Palm Beach. 
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time. The best nozzle position was found to be just under the 
water, as a better emulsion and distribution of the chemical was 
obtained in this position. When the nozzles were lifted clear of 
the water, little if any of the material would emulsify and it 
formed clear liquid drops that fell to the bottom of the canal. 

Benoclor is caustic to the skin and when emulsified with 
water it is even more so. One operator stepped into treated 
water and was burned severely. The symptoms were of a severe 
sunburn, the skin peeling, causing much personal discomfort. 

Starting at the head of the canal we worked slowly down¬ 
stream. We treated 13,800 feet of the canal which carried us to 
the first control gate. 200 gallons of Benoclor-3 were used. The 
chemical seemed to work very slowly and after two weeks the 
kill appeared very disappointing, though some of the weeds were 
breaking loose from the canal bottom and forming floating 
masses of dead plants. It became apparent that the chemical 
was still active when bare feet and hands were burned slightly 
when a worker waded into the water to secure a soil sample from 
the canal bottom for analysis. 

At this time an airboat was used in an attempt to break 
loose the dying weeds from the canal bottom. Eight half inch 
chains fifteen feet long were placed at the stern of the boat act¬ 
ing as streamers. The airboat moved back and forth over the 
canal many times to do this job. This procedure was beneficial 
and it was soon apparent that the chemical was more effective 
than it had appeared at first. The dragging seemed to stir up 
the Benoclor and it killed weeds not affected by the initial ap¬ 
plication. Since the Benoclor-3 did not stay in suspension for 
long and since there was little if any current, no weeds were 
killed beyond the treated area. 

At the time the submerged weeds were being treated with 
the spray boom under water, the water lilies were sprayed over 
the top with a hand gun. This method of applying Benoclor to 
the lilies was of little value as only a temporary leaf burn de¬ 
veloped and several weeks after the application, the burned 
leaves were scarcely noticeable. Neither method of treat¬ 
ment appeared to be of much value in killing the water lilies, at 
least not at the time. However, later the lilies in the middle of 
the canal started to disappear, opening up a passage for a boat. 
It was thought that this was probably due to a combination of 
the chemical and the dragging. 

We had been led to believe that inasmuch as the game fish 
were very active, they would move out of the treated water into 
the lake and would not be affected by the treatment, whereas 
the sluggish Garfish would remain in the treated water and 
would be destroyed. The results were not exactly as predicted. 
Large numbers of Bass and other game fish were destroyed 
while a smaller percentage of the Gars were killed. Many water 
Moccasins and soft shell turtles were also destroyed. The fish 
began to die very soon after the treatment and continued for 
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several days. These fish floated to the top of the water and were 
removed with dip nets and seines by a crew of men. 

About a month after the first treatment a second application 
was made. This time Benoclor-3C was usc<l and appeared to be 
superior to Benoclor-3. During the interval between the first 
and second s^prayinp, daily rains hud raised the canal level about 
one foot and there was considerable water tlowiii)?. The canal 
had by this time widened and the boom was not suilicientlv long 
to reach from bank to bank. However, we expected the chemical 
to disperse and in the fast moving current cover the entire water 
area. Where the canal bottom was very shallow for three or four 
feet out from the shore, there was little current and the chemical 
did not cover this area thoroughly. There was a noticeable line 
along the canal bottom between the treated area and the portion 
that the spray did not reach. 

Benoclor-3C emulsified in the water much better and stayed 
in suspension much longer than did Benoclor-3. As a result of 
this a much more rapid and superior weed kill was obtained. It 
was estimated that about 80 per cent of the weeds were killed 
by the two treatments, the submerged weeds being much better 
controlled than the lilies. Due to rapid flowing water, weeds 
were killed for more than a mile below the point where the spray¬ 
ing stopped. The second spraying covered the same area as the 
first spraying. There was a much greater volume of water in 
the canal at the time of the second spraying and though we ap¬ 
plied 25 gallons less material at this application, the results ob¬ 
tained from the Benoclor-3C were superior in every respect. 

Benoclor-3C also was destructive to game fish and was more 
destructive to the Garfish than the Benoclor 8. It was interesting 
to note that fish life was quickly reestablished. Only one week 
after the last application large Bass were being caught in large 
numbers and two weeks after the application, we saw one man 
with a string of fourteen Bass taken from the treated area. Now, 
several months after the treatment, the canal is again stocked 
with fish that have come in from the lake, the sloughs and ponds. 
It is the opinion of many keen observers of fish life that after the 
high water which is now present recedes, the fish will be as 
abundant in the canal as they were before the treatment. 

It appears that an annual application of Benoclor 3C will give 
a satisfactory control of aquatic weeds, at least for the sub¬ 
merged weeds that now are found in this canal. 



SOME WATER QUALITY RELATIONSHIPS OBSERVED 
UNDER EVERGLADES CONDITIONS IN THE COURSE OF 
STUDIES OF POSSIBLE AFTER EFFECTS FOLLOWING 
HYACINTH TREATMENT WITH 2, 4-D 
T. C. Erwin ' 

With the cooperation of the U. S. Fish and Wild Life Service 
a study was inaugurated to determine the effect of hyacinth 
eradication with 2, 4-D on the fish life of the Everglades, and to 
determine the cause of frequent fish kills observed in these ca¬ 
nals. 

Methods used in this study were chemical analysis of the 
water (dissolved oxygen, oxygen demand, hydrogen sulphide and 
pH), comparative fish trapping, and live fish boxes. 

It has been shown that the 2, 4-D used to kill the hyacinths 
will have no toxic effect on fish when used in any reasonable 
quantity. The question to be answered here is: what is the ef¬ 
fect of the decaying hyacinths and the effect of their removal? 

It was found that during the summer months the water in 
the canals is generally unsuited for normal fish life. This is true 
except for regions near the lake when there is a large flow of 
good water coming from the lake into the canals. The canal 
water is usually very low in dissolved oxygen, and has a high 
oxygen demand, and at times has a high hydrogen sulfide content. 
No doubt there are a number of other reduced gases which occur 
in the water along with H-S which have toxic effects on fish. 
During this summer the dissolved oxygen in one canal at one 
sampling point about six miles from the lake was always below 
the level considered necessary for normal fish life and at times 
could not be detected at all. The H^S content of some canal 
samples was greater than 80 p.p.m., 10 p.p.m. of H.S in water is 
considered very toxic to fish. 

Careful observations and comparative trapping indicate that 
during the time of this study (June to November) the only 
aquatic life in the canals at a considerable distance from the 
lake (over four miles) consisted of turtles, gars, salamanders 
(Siren Lacertina), and top minnows. These salamanders were 
quite numerous and some of the specimens trapped were two feet 
long. 

However, the population of the smaller drainage ditches in 
the farms was quite different. In the spring the aquatic popu¬ 
lation consisted of bass, brim, catfish, suckers, gar, and top min¬ 
nows. As the summer rains began and the water from the soil 
was drained into these ditches the fish life began to suffer. First 
the bass population started to decline and after each heavy rain 
dead fish were observed floating in the canals. 

■■—Assistant Chemist, Everglades Experiment Station, Belle Glade, 
Florida. 
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This year on the first day of November there was an unusual¬ 
ly heavy rain which put the finishing touches on what the sum¬ 
mer rains had been doing. After this heavy rain the only ap¬ 
parent survivors in the farm ditches were gar and top minnows. 
Since then the top minnow population has been increasing 
rapidly. 

We can surmise a broad picture of the whole situation some¬ 
thing like this: the lake is the main area of survival during the 
summer months when the canals are contaminated with toxic 
soil water. As this condition improves the fish move out into the 
canal system to feed on the accumulated population of top min¬ 
nows, where many are trapped in the farm ditches and killed 
by the toxic water during the summer. 

When water stands under hyacinth mats for any length of 
time the water will not be suitable for normal fish life. There¬ 
fore, the fish tend to move to the farm ditches which are kept 
free from hyacinths. Fish will inhabit the canals under hya¬ 
cinths when there is a flow of water from the lake. As a matter 
of fact they are very quick to follow good water to new areas in 
search of food. This can be seen by the fact that if, when the 
lake is higher than the canals, a lock is open for a short time 
and then closed again, dead and sick fish will begin to appear on 
the surface of the canal. If at this time the lock is cracked to 
allow only a very slight flow of water, fish can be observed 
concentrated at this crack and passing through it back into the 
lake. 

It has also been observed that when the canals are draining 
into the lake fish will leave the rim canal and the shore waters 
of the lake. During these times fish may be caught in the mid¬ 
dle of the lake but not around the edge where the contaminated 
water of high oxygen demand is entering. 

Studies of ground water indicate that it is very low in dis¬ 
solved oxygen and high in oxygen demand but not as high in 
HiS as some of the canal water samples. This brought up the 
question of where the H^S was coming from. Some could be ac¬ 
counted for by the action of anaerobic bacteria in the soil; how¬ 
ever, it was hard to see how such a concentration as 30 p.p.m. 
could be developed. Quite by accident in the course of a soils 
experiment it was discovered that when muck soil ash is mixed 
with raw muck soil and water a considerable quantity of H,S is 
liberated. This led to the conclusion that when muck soil burns 
sulfides are formed due to the limited oxygen supply. Further 
investigations showed that ash from very old muck fires when 
mixed with a little acid would'not liberate H^S; however, rela¬ 
tively new ash would. The action of water leaching through this 
ash can account for the occasional occurrence of high levels of 
HjS in the canal water. The slow decomposition of the muck soil 
will account for the low dissolved oxygen of the soil water. 

On October 9, 1946, a test was made of the H 2 S content of 
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TABLE 1 

Hydrogen Sulfide Content of the Canal Bordering the Rear of the 
Everglades Experiment Station 


Date 1946 

Notes 

ppm HjS 

September 30 

Shortly after a heavy rain 

40 

October 1 

With no further rain 

18 

October 2 

With no further rain 

15 

October 4 

With no further rain 

2 

October 8 

After rain of October 7 

29 


the water in the rim canal that encircles Lake Okeechobee. It was 
found to be 7.2 p.p.m. 

Conclusions 

(1) The water under live hyacinth mats is not suited for 
normal fish life except where rapid flow from a good water 
source will maintain the necessary water quality. 

(2) During the summer months the canal water will become 
toxic to fish even in open surfaces. 

(3) The toxicity of the water is caused by the action of 
water on muck soil and is due to low levels of dissolved oxygen, 
high oxygen demand, and the presence of other toxic substances 
such as HiS. 

(4) The action of decaying hyacinths during the summer 
months will not cause fish kill as normally there will be no fish, 
which would be affected by their decomposition, under these hya¬ 
cinths. That is to say, the condition of the water at times is 
so unsuitable for fish life that the decaying hyacinths could not 
make it worse. 



DISCUSSION 


Led By 

Lamar Johnson* 
and 

B. A. Bourne** 

The discussion was initiated by Mr. Lamar Johnson, Chief 
Engineer, Everglades Drainage District, with a statement in 
reference to the report that had recently been prepared by the 
District to cover two years of hyacinth eradication work on the 
arterial canal system of the Everglades District. This report 
is to be found in full in the Appendix of this volume of the Pro¬ 
ceedings beginning on Page 149. 

Many questions were raised regarding the details of hyacinth 
and other water weed control which were largely answered in 
the several papers already presented in the symposium. On this 
account the discussion pertaining thereto will not be repeated 
here. 

More discussion was raised in regard to the control of Para 
grass on ditch banks, and particularly where it extends into 
ditches or out into the water area from the banks of larger ca¬ 
nals, than on any other subject. It was generally agreed that 
this is one of our most difficult pests to control, and reference 
was made to the work of Mr. B. E. Lawton, County Agent in 
Broward County, where a considerable degree of success has been 
achieved with the use of sodium chlorate on the mineral soils 
of that section of the Everglades. 

In commenting on the work with sodium chlorate, Mr. 
Charles C. Seale called attention to the very considerable danger 
of fire with this compound. Whereas good results have been re¬ 
ported on mineral soils through the use of 160 pounds of chlorate 
per acre, very poor results were obtained on muck soils through 
the use_ of this and even greater amounts. Mr. Seale also re¬ 
ported in a very preliminary way on the use of ammonium tri- 
chloracetate on this pest by stating that he had been able to kill 
the rootstock with applications varying from 100 to 200 pounds 
of the chemical per acre depending to some extent on soil con¬ 
ditions. He also reported that very little work had been done 
to date with this chemical where the Para grass had passed out 
onto the water surface of larger canals from its rooted position 
on the bank. 

Dr. B. A. Bourne, of the U. S. Sugar Corporation, Clewiston, 
raised the all important question of cost by citing the fact that 
treatment of a mile of canal 32 feet wide with 175 gallons of 

'■—Chief Engineer, Everglades Drainage District, West Palm Beach, 
Florida. 

■Eli President—^Research, U. S. Sugar Corporation, Cle'wriston, 

Florida. 
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benechlor cost $400.00, while that for a 16 foot canal infested 
with nigger wool was $115.00 per mile. Lamar Johnson called 
attention to the fact that the Everglades District’s costs were 
all in the report referred to above and which is to be found in 
the Appendix of this volume, Pages 149-159. 

Dr. Bourne also called attention to the relation of weed popu¬ 
lation in the canals and farm ditches to rate of silting, and called 
attention to the fact that this alone would justify the weed con¬ 
trol operation. Attention also was called to the economy of mop¬ 
ping up operations following the first kill in contrast to allow¬ 
ing practically full recurrence and thus necessitating the cost 
of the full treatment again. 

With reference to the cost of treatment, Mr. L. S. Evans 
brought much encouragement into the discussion by calling at¬ 
tention to the fact that, while some of the newer napthas that 
are proving so eflCective against water weeds are required in 
about the same amount as the benoclor compounds, the cost at 
the present time, still at a preliminary level, is only a fraction 
of the latter, i.e. about 20c per gallon against $3.00 to $3.50 per 
gallon. Mr. C. H. Anderson, of Esso Oil Company, New York, 
stated that until we know exactly what naptha formulations are 
best to use, more about freight rates and have some idea of the 
volume needed in various sections of the country, an appreciable 
amount of uncertainty in the price shall doubtless continue. 

Dr. Bourne closed the discussion by advising that he had no 
further comment and with the remark that “we are a lot wiser 
than we were before the meeting.” 



SYMPOSIUM 11. 


THE OVERALL WATER CONTROL PROGRAM FOR 
SOUTH FLORIDA 

o 

A BRIEF REVIEW OF THE WATER CONTROL PROGRAM 
AS IT HAS DEVELOPED DURING THE PAST SIX YEARS 

Lamar Johnson* 

Reclamation of the Florida Everglades may be divided 
into three periods. First, the period from 1907 to 1931 during 
which time the present canal system was constructed and rec¬ 
lamation evolved from a visionary dream to a tangible actuality. 
Second, the period from 1931 to 1942 when Everglades Drainage 
District, the agency charged with the responsibility of reclaim¬ 
ing the Everglades, wallowed in the doldrums of debt and liti¬ 
gation and all improvement and maintenance of the arterial 
canal system stopped. However, it was during this period that 
the levee around Lake Okeechobee was built, an item that con¬ 
tributed much to the present extent of development by sub- 
drainage districts and private interests. Third, the period from 
1942 to the present, during which general recognition was given 
to the multiple problems other than drainage and efforts were 
directed toward the development of a plan of water control that 
would insure maximum utilization of both soil and water. 

The first formal recognition of the need of such a plan was 
expressed in a resolution of the Soil Science Society of Florida 
in meeting in West Palm Beach, Florida, on April 21, 1942. At 
its meeting the following year, in Belle Glade, Florida, the So¬ 
ciety adopted a resolution urging Everglades Drainage District 
to assume responsibility for an over-all policy and plan and to 
coordinate the activities of all governmental agencies in the 
execution of such plan. 

These resolutions were timely. Two Federal agencies, the 
Soil Conservation Service of the Department of Agriculture and 
the U. S. Geological Survey of the Department of Interior, were 
then engaged in programs of investigations and surveys in the 
Everglades area. The program of the Soil Conservation Service, 
conducted in cooperation with the University of Florida, Agri¬ 
cultural Experiment Station, included a soil survey of the Ever¬ 
glades and recommendations for water control. The program of 
the U. S. Geological Survey included both surface and sub-sur¬ 
face investigations and was conducted in cooperation with Dade 
County and Everglades Drainage District. The work of these 
two Federal Agencies during this period supplied the basic facts 
upon which a plan of general water control could be developed. 

-Chief Engineer, Everglades Drainage District, W. Palm Beach. 
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The resolutions of the Soil Science Society were timely in 
that for the first time in many years Everglades Drainage Dis¬ 
trict, having quieted its financial troubles, was free to consider 
its physical works and the requirements of the landowners. It 
was obvious that the first responsibility of the District was to 
determine the future policy and plan for the conservation and 
development of the land and water resources of the Everglades. 
About a week after the Soil Science Society meeting in Belle 
Glade, the Board of Commissioners of Everglades Drainage Dis¬ 
trict, at a public meeting held in Miami on March 26, 1943, ar¬ 
ranged a meeting in Tallahassee, Florida, on the date of April 14, 
1943. 

This meeting was attended by State officials and representa¬ 
tives of State and Federal agencies engaged in Everglades rec¬ 
lamation and its problems. The meeting resulted in agree¬ 
ment on the need for a comprehensive plan to prevent the waste 
of soil and water resources, and agreement that Everglades 
Drainage District serve as the authority in the preparation and 
execution of such a plan and program. 

As the first step in determining the future policy and plan 
for water control in the Everglades, the Board of Commission¬ 
ers of Everglades Drainage District, on August 13, 1943, au¬ 
thorized the organization of an Advisory Committee comprised 
of sixteen persons recognized as authorities in various problems 
of the Everglades. The work of this Committee resulted in a 
published report dated May 1, 1944. 

This Committee’s report recognized the fact that not all 
peat soils in the ’Glades were suitable for agricultural develop¬ 
ment. It stressed the fact that the present canal system, even 
if completed to designed cross-section, was inadequate to serve 
even the reduced area of potentially agricultural soils. For the 
first time a report of this kind recommended developing large 
areas of Everglades wild lands for conservation purposes. While 
pointing the way toward the development of a plan of water 
control, finances were not available to prepare a detailed plan 
for the Everglades. 

Early in 1945, Everglades Drainage District released a re¬ 
port prepared by W. Turner Wallis, then Engineer for the dis¬ 
trict. This report briefly recommended certain improvements 
to the water control system, estimated the cost of such improve¬ 
ments and discussed financing under existing legislative authori¬ 
ty. In response to notice of hearings before the U. S. Engineers, 
in Belle Glade, Florida, in April, 1946 and in June, 1947, the 
District submitted reports making specific recommendations for 
the improvement of the major canal system of the Everglades. 
These latter reports were complete with regard to size and quan¬ 
tities of the items of construction recommended and as to their 
operation after construction under conditions of both drainage 
and irrigation. 

In 1946, the Soil Conservation Service of the United States 
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Department of Agriculture, working in cooperation with the 
University of Florida, Agricultural Experiment Station, re¬ 
leased an interim report on soils and water control in the Ever¬ 
glades Drainage District. This report was released in printed 
form, including accompanying maps, in March, 1948. 

These plans of improvement recommended by Everglades 
Drainage District and the Soil Conservation Service are very 
similar, reflecting the close coordination of effort in analyzing the 
data assembled in previous years of research and survey, and in 
the recommendations for a feasible solution of the many prob¬ 
lems. Many of the recommendations of these reports are now 
recognized as being basic to the protection and development of 
southeast Florida of the future. 

As a result of the many hearings and conferences during 
1946 and 1947, the District Ofiice of the U. S. Engineers in Jack¬ 
sonville, Florida, began the preparation of a comprehensive re¬ 
port on flood and water control for the Everglades and south¬ 
east coastal areas. Given impetus by the disastrous flood of 1947, 
the report was completed during that year and its scope en¬ 
larged to include the Kissimmee and St. John’s valleys. This 
report was considered by Congress during its 1948 session and 
the first phase involving expenditures of $70,000,000 was ap¬ 
proved and appropriation of $16,300,000 authorized. Later, Mr. 
Harold Scott will give you the details of this plan. 

For years Florida has wasted soil and water resources with 
the reckless abandon of the pioneer, without plan or purpose for 
the future. Today we have a Federal approved plan covering one- 
fifth of the State’s area. The purposeful attitude of the people 
was evident at the hearings before the U. S. Engineers and be¬ 
fore the Congressional committees. We know that Florida is 
blessed with abundant rainfall and arable soils which if utilized 
to their fullest extent will assure its future as an agricultural 
state. At last we are beginning to realize the true value of these 
resources. We have come a long way in the last six years. 



SOME IMPORTANT GEOLOGIC PROBLEMS TO BE EN¬ 
COUNTERED IN THE DEVELOPMENT OF A FULLY 

EFFECTIVE WATER CONTROL PROGRAM FOR SOUTH 

FLORIDA 

Nevin D. Hoy* 

Inasmuch as no formal manuscript has been provided to cover 
the above subject, it will be reported only very briefly in the 
usual manner. 

In preparation for the interesting and informative discussion 
which Mr. Hoy gave on the relationship between the geology of 
the area and an effective water control program for South 
Florida as it shall have to be recognized and worked with from 
the engineering standpoint, numerous rock samples, maps and 
a complete geologic cross section extending from Ocala to Florida 
City were brought into view. 

With the geologic cross section showing the inter-relation¬ 
ship of the natural formations of rock, each with the other, and 
actual samples of Miami Oolite and Tamiami limestone as back¬ 
ground material, Mr. Hoy emphasized and reemphasized in about 
every possible way the very great importance of giving the ful¬ 
lest possible consideration to the extremely high porosity of such 
substrate materials in relation to any impoundings of surface 
waters that are to be made over them—^at least made in a theo¬ 
retical way— for the porosity of rocks such as these is said to 
approximate that of washed gravel. 

A map also was shown which outlined the location and ex¬ 
tent of the marl, muck and other surface and sub-surface con¬ 
ditions. Attention also was called to the fact that water passes 
through marl very slowly and that the Fort Thompson forma¬ 
tion, which is largely the foundation rock of the Upper Glades, 
has a comparatively low permeability. In contrast, the Anas¬ 
tasia and Miami Oolite formations both have a very high permea¬ 
bility, whereas Tamiami rock was said to be the most perme¬ 
able known. 

The close relationship of these geologic conditions in South 
Florida to the problems of water control, soil conservation and 
salt water intrusion in relation to the safety of the domestic 
water supply was clearly shown in every respect and left little 
room for doubt as to the seriousness of the engineering prob¬ 
lems that are created by natural geologic conditions to be found 
in the sub-surface conditions of South Florida’s geologic setup. 
We can find no particular comfort furthermore, in the knowl¬ 
edge that each day, in nature’s own, slow way, these conditions 
are getting worse rather than improving. 

In view of the fact that a considerable amount of the infor- 


"■—^Acting Geologist, U. S. Geological Survey, Miami, Florida. 
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mation reviewed by Mr. Hoy has been published in earlier vol¬ 
umes of the Proceedings of the Society any reader who is in¬ 
terested to that extent is respectfully referred to the following 
items: (1) Evans and Allison (Soils of the Everglades), Vol. 
IV-A, pp. 34-46 (1942); (2) Parker (Geology and groundwater 
conditions), Vol IV-A, pp. 47-76 (1942); (3) Ferguson (Sur¬ 
face water studies), Vol. IV-A, pp. 77-85, (1942); (4) Ferguson 
(Surface water studies), Vol. V-A, pp. 18-23, (1943); (5) 
Parker, Hoy and Stevens (Geological studies), pp. 33-94, (1943); 
(6) Gallatin and Henderson (Progress of soil survey), Vol. V-A, 
pp. 95-104, (1943); (7) Bogart (Surface water relationships), 
Vol. VIII, pp. 60-71, (1946-7); (8) Parker (Municipal water 
supply), pp. 72-88, (1946-7). 

As among the above references. Figures 6 and 7, pages 69 
and 70 of Proceedings Volume V-A, are of particular interest 
in showing the extremely porous nature of the supporting lime- 
rock in the lower reaches of the Everglades, a point that has 
come up repeatedly in the discussion of the hydrologic problems 
of that area. It is obviously one that must be given more and 
more careful consideration in working out the details of the 
overall plan of water control for South Florida if it is to serve 
that area effectively in the future. At least that is the emphases 
that Mr. Hoy seemed to give it in the course of his review of 
the subject. — Editor. 



THE CENTRAL AND SOUTHERN FLORIDA PROJECT 

Harold A. Scott 


The people of Florida have 
within their grasp the greatest 
single achievement since the es¬ 
tablishment of statehood, name¬ 
ly, the Comprehensive Plan of 
Improvement for Central and 
Southern Florida. This plan 
when completed will relieve 
large areas from the ravages of 
floods and droughts and bring 
untold benefits. 

I would like to briefly de¬ 
scribe the main features of the 
plan for the benefit of the few 
who may not be familiar with it. 

General area .—Flood control 
and water control improvements 
are proposed in central and 
southern Florida south of a line 
extending from the east coast 
through Lake Harney and Or¬ 
lando, and along the westerly 
limits of the Kissimmee River 
basin as shown on Figure 1. 

The area has been divided in- 



HAROLD A. SCOTT 



MALBEE RUSSELL SCOTT 


Ed. Note: Following the close of the 
meetings in Clewiston on Saturday, Oct. 
13th, shortly after noon, it became known 
that while Mr. Scott was in attendance up¬ 
on them his wife had gone to the hospital 
in Jacksonville to await the arrival of the 
big bird with the long legs and a great deal 
of knowhow. Up to the time he left Clew¬ 
iston early afternoon there had been no 
fuither news nor was there any by the 
time he had arrived at Reseiwation Head¬ 
quarters, St. Lucie Locks. However, by the 
time he arrived in Stuart a long distance 
telephone call revealed that a son had 
“weighed in” at 3:07 P.M., tipping the 
beam at 7 pounds, 7 and 1/3 ounces; and 
that is the reason Malbee Russell Scott is 


tucked away down in the corner—so his dad can keep an eye on him from 
here on out; and perhaps recall, betimes, how difficult it was to keep his 
mind on soil and water conservation, unified plans and all that sort down 
in the Everglades when his mind and heart so definitely were in Jack¬ 
sonville at such a time. 


■—Head, Multiple Purpose Report Section, Corps of Engineers, Jack¬ 
sonville. Fla. 



Figure 1. 
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to four more or less natural basins for study. The St. Johns 
River basin includes the area from Lake Harney south to the 
north Martin County line. The Kissimmee River basin area 
also includes the Fisheating Creek basin. The Lake Okeechobee- 
Everglades area includes Lake Okeechobee, the St. Lucie Canal, 
and Caloosahatchee Canal and River, and about 1,000 square 
miles of rich agricultural area south and east of the lake. The 
east coast area includes the coastal ridge in Palm Beach, Bro¬ 
ward, and Dade Counties, and about 1,500 square miles of Ever¬ 
glades set aside for water-conservation purposes. 

Sf. Joh7is River basin .—^Any change in the regimen of Slow 
of the St. Johns River must necessarily have varied effects on 
the surrounding areas which could be made beneficial by careful 
study, and which also could be detrimental if carelessly under¬ 
taken. The rich Indian River fruit area lying along the Indian 
River derives its water supply and a goodly share of frost pro¬ 
tection from the St. Johns River marshes. Overdrainage of this 
marsh area would not only affect these valuable considerations, 
but also the water supplies of the towns along Indian River; 
therefore, the plan of improvement proposes to maintain these 
marsh areas at their present limits by providing levees at the 
northerly outlets of Lake Poinsett and Lake Washington, there¬ 
by making use of the natural reservoirs provided by nature. 
The plan proposes to provide canals from Lake Poinsett, Lake 
Washington, and Lake Wilmington to Indian River for the dis¬ 
charge only of excess flood waters, thereby reducing the amount 
and duration of flooding now experienced on the agricultural 
and pasture lands in this area. These canals would be provided 
with control structures at the lower end consisting of Tainter 
gates and a concrete structure. In the same manner, canals 
would be improved or provided in St. Lucie County to provide 
relief in the upper marshes from excess flood waters. These 
canals would consist of Belcher, Diversion and a third canal 
along the county line between St. Lucie and Martin. These 
canals would also be provided with adequate spillway and control 
works. 

The Kissimmee River basin .—^The Kissimmee River basin and 
its headwater lakes, including those on the low indeterminate 
divide between the St. Johns and Kissimmee Rivers, have an 
area of about 4,400 square miles. This includes the area of the 
series of lakes north of Lake Istokpoga, Indian Prairie Canal, 
Fisheating Creek, and Taylor Creek, all of which drain from 
the north or northwest into Lake Okeechobee. All of the lakes 
in this basin have a potential use as reservoirs for storage of 
water during the rainy season to be discharged over the dry 
season; however, some means must be provided for the disposal 
of excess flood waters. The most feasible method is by enlarging 
the existing connecting canals and the Kissimmee River. Any 
improvement of the Kissimmee River however, must be so plan¬ 
ned as to avoid overdrainage of the area between Lake Kissim- 
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mee and Lake Okeechobee in dry periods. The Comprehensive 
Plan proposes to provide low levees at the outlets of these nat¬ 
ural lakes, with adequate control works for regulation purposes. 
The Kissimmee River itself would be improved and provided 
with six low dams with control works across the valley, re¬ 
sulting in a continuous reservoir system between Lake Kissim¬ 
mee and Lake Okeechobee. The lake and reservoir would per¬ 
mit the retention of water by storage after the flood excess 
has been discharged. This storage would then be available to 
increase low water flow during dry seasons. The Indian Prairie 
area would have existing canals improved and extended to Lake 
Istokpoga with works to discharge excess flood waters more 
rapidly, while also maintaining adequate ground water during 
drought seasons. Fisheating Creek would be provided with an 
improved canal in the lower basin and a spillway for diversion 
purposes to reduce the amount of local flooding. 

Lake Okeechobee-Everglades area. —a. Lake Okeechobee .— 
In its present status and as considered under the Comprehensive 
Plan of Improvement, Lake Okeechobee is a multiple-use reser¬ 
voir with flood control, navigation, and water conservation func¬ 
tions. Its waters are impounded by the present levee system and 
a measure of control is provided by the existing St. Lucie Canal 
and improved Caloosahatchee River. The existing levees around 
the rim of Lake Okeechobee protect seven towns and over 130,- 
000 acres of developed rich agricultural land from direct over¬ 
flow from the lake. The outlet canals and the lake provide a navi¬ 
gable waterway across Florida. Between elevations of 12.56 
and 15.56 feet above mean sea level (the present prescribed 
limits of regulation) the lake provides storage of 1,320,000 acre- 
feet of water. This great reservoir and its controls are the 
heart of any plan for flood control and water conservation in 
south Florida. 

b. Levees .—The existing levees around the perimeter of Lake 
Okeechobee were designed to withstand a hurricane attack even 
more severe than that of 1928. They served their intended pur¬ 
pose in 1945 and 1947 by withstanding hurricane-driven tides 
and waves with relatively minor damage and with no danger of 
over-topping or breaching. Experience gained as a result of 
the floods and winds of 1947 indicates, however, that if the Com¬ 
prehensive Plan be adopted, a low levee should be extended 
around the lake shore from the St. Lucie Canal northward to 
tie in with the present north shore levee, to protect the develop¬ 
ment which has taken place in that area since the existing levee 
project was built. Also, a low levee should be provided along 
the northwestern shore of the lake from the Kissimmee River to 
Fisheating Creek to protect pasture lands of the Indian Prairie 
section from overflow by normal rises and -wind tides on the 
lake. This limited protection along the northwestern shore is 
adequate for present protection of this area, which is pasture 
land without urban development. In addition to these extensions, 
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some modification of existing levees may be found desirable in 
the light of experience gained during the 1947 storm. 

c. Completion of navigation improvement .—The authorized 
8-foot navigation channel from Stuart to Fort Myers has not 
yet been provided. At present it is only 6 feet. Enlargement of 
the St. Lucie Canal and Caloosahatchee River for lake control 
and modifications of the levee systems for Lake Okeechobee, 
■would result in deepening existing channels for lake-control pur¬ 
poses. This would incidentally provide depths of 8 feet or more 
in the waterway across Florida and would substantially com¬ 
plete that authorized project. Deepening of the channel in the 
Caloosahatchee River without control works at its seaward end 
would aggravate salt-water intrusion and overdrainage during 
droughts, which are already serious problems in this area. To 
prevent this, the plan provides for construction of a new lock 
and spillway on the Caloosahatchee River above Fort Myers. 

d. Everglades area .—^The plan would provide flood protection 
and water control for 1,027 square miles of developed and po¬ 
tentially productive agricultural land adjoining the southern 
shore of Lake Okeechobee. Flood protection would be provided 
by constructing levees around the area and by joining them to 
the existing Lake Okeechobee levee (figure 2). Water control 
would be accomplished by the construction of a canal network 
connected to 8 pumping stations on the perimeter of the system. 
The network would be formed by improving existing canals 
within the area and by constructing interconnecting and rim 
canals. The pumps would dispose of excess run-off within the 
area by pumping from the canal network either into the lake, or 
into the conservation area to the south, or both; and would also 
pump water into the area from Lake Okeechobee when needed 
during dry seasons. The system would also permit a flood dis¬ 
charge of 7,000 cfs from Lake Okeechobee to the conservation 
area for aiding the control of Lake Okeechobee. Conservation 
would be provided by pumping excess run-off from the area into 
the conservation area. 

East coast area. —This area consists of the coastal-ridge sec¬ 
tion and the eastern portions of the Everglades extending from 
the north Palm Beach County line to the southern tip of Florida 
(Figure 2). 

a. Everglades conservation area .—The plan would create 
three interconnected reservoir areas totaling about 1,600 square 
miles which would occupy portions of Dade, Broward, and Palm 
Beach Counties, and which have been sho'wn by the Soil Con¬ 
servation Service to be unsuited to agricultural development. 
The reservoirs would be created by constructing a system of 
levees from the West Palm Beach Canal southward between the 
main body of the Ei^erglades and the west edge of the coastal 
ridge to the Tamiami Trail, westward on the trail to the Collier 
County line, then northward to tie into the west rim levee of the 
Everglades agricultural area. Levees along the Hillsboro and 


















127 


North New River Canals would divide the conservation reser¬ 
voir into three parts, interconnected by gated spillways through 
the levees. These reservoirs would store the maximum-record 
rainfall on the conservation area plus the run-oifs from the 
area north of West Palm Beach Canal, the Everglades agricul¬ 
tural area, and some flood discharge from Lake Okeechobee. Im¬ 
poundment of these waters would prevent their flowing eastward 
as heretofore and flooding the developed areas along the coastal 
ridge. Maintenance of water in the conservation area would 
provide water for use on the east-coast agricultural lands when 
needed, raise the ground-water table, and replenish water sup¬ 
ply for the east coast communities, ameliorate salt-water in¬ 
trusion in the east coast water supply well fields and streams, 
and benefit fish and Avildlife in the Everglades. 

Gated spillways in the Tamiami Trail levee would permit 
discharge of excess water from the conservation area onto low- 
lying areas to the south, and thence to the lower end of the penin¬ 
sula. The part of the east coast protection levee which forms the 
eastern boundary of the conservation area is the major feature 
for protection of the east coast. 

b. Palm Beach Covnty .—The planned improvements in Palm 
Beach County serve various purposes. Flood relief and water 
control for the Hungryland and Loxahatchee Sloughs would be 
provided by constructing a canal to the coast with a control struc¬ 
ture near its outlet. Flood discharge from Lake Mangonia would 
be diverted by a canal to Lake Worth. Water control for the 
Lake Osborne area would be provided by a control at the out¬ 
let of the channel at the West Palm Beach Canal, and by a 
short canal from Lake Osborne to Lake Worth with a control 
structure at its outlet to prevent salt-water intrusion. Lake Ida 
would be benefited similarly by a short canal and control struc¬ 
ture. Construction of spillways in the conservation levees at the 
West Palm Beach and Hillsboro Canals would provide water 
to the entire area when needed during drought periods. 

c. Broioard County .—The plan for improvements in Bro¬ 
ward County provides for flood relief, water control, and al¬ 
leviation of salt-water intrusion. These would be secured by 
improving and extending the existing Cypress Creek, Middle 
River, Plantation Road, and Hollywood Canals, and by placing 
control structures in those canals. Culverts and spillways in 
the conservation area levees to the west would bring water 
from the conservation reservoirs to this area by way of Cypress 
Creek, Middle River, Plantation Road, North New River, and 
Dania Cut-off Canals for use during dry seasons and for pre¬ 
venting salt-water intrusion. 

d. Davie agricultural area .—^The plan would provide for 
flood protection and water control for an area of approximately 
105 square miles of developed and potentially productive agri¬ 
cultural land west of Dania along the South New River Canal. 
Flood protection would be provided by constructing and improv- 
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ing levees around the area; these would be connected to the 
Broward County conservation area levee on the west. Water 
control would be provided by improving the South New River 
Canal and constructing a pumping station at the conservation 
area levee. The pump would discharge excess water from the 
Davie area into the conservation area or draw therefrom for 
use during dry periods. A gated culvert in the canal at State 
Road 7 would permit flow for water supply and salt-water con¬ 
trol in the Dania Cut-off Canal and along the coast. 

e. Dade County .—The plan of improvement for Dade County 
would provide for flood control and protection, water control, and 
alleviation of salt-water encroachment. These benefits would be 
secured by improving the channels, and constructing control 
structures at the outlets of the following existing canals: 

Miami (in part) Snake Creek Coral Gables 

Comfort Biscayne Snapper Creek 

Tamiami Little River Black Creek 

Gated culverts at the head of Snake Creek, Miami, and Tamiami 
Canals would provide for the flow of water from the Everglades 
conservation reservoirs into the area for use during dry seasons. 
The levee (some 74 miles long) surrounding the agricultural 
lands of the Perrine-Homestead area would protect against over¬ 
flow of flood waters from the Everglades and against ocean 
tides driven by hurricanes from the south and east. Salt barrier- 
type spillways and gated culverts—13 in all—^in the east and 
south walls of this levee would control the discharge from the 
canals and prevent salt-water intrusion. 

Division of cost .—The total cost of the proposed comprehen¬ 
sive improvement has been divided between the Federal Govern¬ 
ment and local interests based upon the proportion of benefits to 
accrue to flood control, navigation, and preservation of fish and 
wildlife, and benefits from increased use of land. Therefore, it 
has been deemed appropriate that the Federal Government 
should pay 85 percent of the total cost of the project, and local 
interests 16 percent of the project plus the cost of lands and 
relocations. This breaks down into the Federal share of the con¬ 
struction cost amounting to about $171,041,000 and $749,000 
annually for maintenance and operation. Local interests would 
pay $29,162,000 plus the cost of lands and relocations estimated 
at $7,942,000 and an annual maintenance cost of $3,034,000. 

Constmction ■program .—The Comprehensive Plan is a long- 
range plan for the control and use of water resources of most of 
central and southern Florida. It should be initiated at the ear¬ 
liest possible date, as the need for flood protection, water control, 
and conservation of water is urgent. Now that the plan is ap¬ 
proved in part by Congress, future progress in its accomplish¬ 
ment will depend equally on Congressional appropriations for 
planning and construction and on prompt action by local inter¬ 
ests in providing the cooperation required of them. 



129 


Assuming, however, that adequate appropriations were made 
by Congress and that requirements of local cooperation were met, 
the entire comprehensive development could be completed under 
an orderly and efficient construction program in 10 years. It is 
considered, however, that completion of certain parts of the plan 
should be deferred beyond this period, as the need for such fea¬ 
tures will depend on progressive development of the areas. 

All features set up as parts of the Comprehensive Plan are 
considered necessary and economically justified. It is practicable 
now to establish definite priorities for planning of individual 
items. Some parts of the plan, such as those required for pro¬ 
tection of human life and of existing highly developed urban 
and agricultural areas, are obviously more urgently needed than 
the longer-range features of the plan. In addition, engineering 
considerations will require an order of development which would 
produce, step-by-step, construction of the works which can be 
operated from the beginning with the greatest efficiency, and 
which would obtain progressively, from the beginning, the bene¬ 
fits which the plan is designed to produce. The features of the 
plan are of course subject to some modification of details to 
make them conform as nearly as practicable to the desires of 
local interests and to the needs of each particular case. 

Co7ichisions .—The problems of fiood control, drainage, and 
water use in central and southern Florida are complex. They 
range from protection of life and property from hurricane- 
driven tides at Lake Okeechobee to maintenance of water levels 
in dry periods to combat the burning and destruction of muck 
lands of the Everglades and to maintain the ground-water sup¬ 
ply in the lower east coast area. The Comprehensive Plan has 
been prepared after full consideration of these varied problems. 
Its preparation has been greatly facilitated by information and 
requirements furnished by other Federal agencies and by the 
full cooperation of the local agencies and individuals. The Com¬ 
prehensive Plan is not a panacea for all the difficulties inherent 
in the development of this region. No feasible plan of improve¬ 
ment within the realm of economic justification could completely 
banish flooding of this area, or insure that all needed water sup¬ 
plies would be available during the dryest periods. However, 
when completed the development would provide a high degree 
of flood protection and conservation of the water resources of 
the region. A long-range plan of this kind for flood protection 
and water control is urgently needed now, so that development 
of the region can proceed in an orderly manner which will pre¬ 
serve its resources of water and land for future generations. 
Analysis of economics shows that the project as a whole is justi¬ 
fied by a wide margin. Construction and subsequent operation 
of the comprehensive development to insure that its purposes are 
obtained would require the best efforts and continued coopera¬ 
tion of Federal, State, and local agencies, but the interest shown 
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in this plan by the State of Florida and local interests indicates 
that this can be accomplished. 

I know that you are primarily interested in the present status 
of the comprehensive flood-control project. On June 30, 1948 
Congress authorized a flood-control bill containing the following 
item: 

“The project for Caloosahatchee River and Lake Okee¬ 
chobee drainage areas, Florida, authorized by the River and 
Harbor Act of July 3, 1930, as amended, is hereby modified 
and expanded to include the first phase of the comprehensive 
plan for flood control and other purposes in central and 
southern Florida as recommended by the Chief of Engineers 
in House Document Numbered 643, Eightieth Congress, 
subject to the conditions of local cooperation prescribed 
therein, and there is hereby authorized to be appropriated 
the sum of $16,300,000 for partial accomplishment of said 
plan.” 

The first phase referred to in the item refers to work estimated 
to cost $70,000,000 and covers the area shown on the map. How¬ 
ever, as noted in the item. Congress authorized only $16,800,000 
which wdll be supplemented by an additional 15 percent making 
a total sum of about $20,000,000 available for construction pur¬ 
poses. This work is shown in black on the map of Figure 2. 

It is anticipated that Congress will appropriate a small part 
of the $16,300,000 so that it will become available for advance 
planning and some construction during the fiscal year 1950. At 
the present time no funds have been appropriated by the Federal 
Government to initiate any work on the plan. Prominent local 
interests, realizing that a year must pass before any work could 
be initiated, have taken steps to obtain funds for the Corps of 
Engineers for advance planning work until Federal funds be¬ 
come available. The Corps of Engineers has received a contri¬ 
bution from local interests of $75,000 and an additional $45,000 
will be furnished in the immediate future. This advance of money 
is the first part of local cooperation out of a total of almost $3,- 
000,000 which must be advanced before the Federal Government 
will begin construction on the first phase of the plan. This money 
has enabled the Corps of Engineers to initiate field surveys and 
office studies. Traverse and topographic surveys are in progress 
in Palm Beach, Broward, and Dade Counties. Core boring will 
be started within the next few weeks. 

It is not known definitely as to how local interests will obtain 
the full amount of local cooperation necessary to put the plan 
into effect. Many local interests have discussed various means 
of how this money might be obtained. The Federal Government 
considers that it is a problem which must be solved by local 
interests. No doubt many of you in this room will be called upon 
to offer services and advice on the various means of making the 
payment of $3,000,000. Discussions have been had relative to 
obtaining the money by local taxes, or by the State assuming the 
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entire burden. It must be realized that while this plan appears 
to be local, the benefits are State-wide and, in many instances. 
Nation-wide. 

During the planning and construction of the Comprehensive 
Plan, many difficulties will arise in procuring rights-of-way and 
spoil areas, and determining the lands which should be used for 
conservation areas and which lands should be reserved for agri¬ 
cultural endeavors. Many of these difficulties will be settled only 
after many discussions, arbitration, and some will doubtless find 
their way into the courts of the State of Florida. Already the 
District Office in Jacksonville of the Corps of Engineers has re¬ 
ceived numerous requests for moving the levee locations, canal 
locations, excluding this land and that land, and taken all to¬ 
gether generally rehashing the general alignment of the main 
features of the plan. These requests have all been answered with 
the statement that consideration will be given to minor adjust¬ 
ments in the alignments of the various features but the plan as 
previously conceived is being adhered to. 

It is firmly believed that every problem which will arise in 
connection with the plan can be worked out to a satisfactory 
conclusion with the help of local interests who own the lands 
and are directly affected by the project. The most important con¬ 
sideration is that the Comprehensive Plan which was only a 
dream yesterday is a real and living project today. The Corps 
of Engineers stands ready to complete the project as rapidly as 
funds become available so that floods like those of 1947 and 1948 
will become only a memory. 



OUTSTANDING BENEFITS TO BE DERIVED FROM THE 
DEVELOPMENT OF A COMPREHENSIVE WATER CONTROL 
PROGRAM FOR SOUTH FLORIDA 

J. E. Beardsley' 

The first and, by far, the most outstanding fact to be observed 
in connection with present efforts at developing a broad, overall 
water conservation and control program for South Florida is 
that, for the first time in the history of Everglades development, 
we have a really effective unanimity of opinion among all in¬ 
terests throughout the area. 

I have been here taking it in for 34 years and it is the first 
time in all of my experience that as many as 3 or 4 have gotten 
together and, in substance, agreed “Here is something.” Granted 
that the plan may have defects at the present time which, as 
Mr. Scott has pointed out, are being hashed over from time to 
time to eliminate at least some of the errors or miscalculations in 
the original planning, nevertheless, for the first time we have 
something on which we can agree. Some of you may recall that at 
the last session of the State Legislature there was quite a uni¬ 
fied and agressive effort to abolish the one agency which, in the 
past, had been attempting to deal, at least in a portion of the 
territory under discussion (South Florida), with the problem 
of water control. Reference is to the Board of Commissioners of 
the Everglades Drainage District. 

Now, backed by a combination of powerful circumstances 
(peak flood conditions), we have an excellent example of what 
can be done by comprehensive planning in the prevention of such 
destructive situations. The two needs, prior planning and the 
prevention of such catastrophic experiences as we have so re¬ 
cently passed through, are now firmly bound together in the 
public mind and recognition is finally being given throughout 
the State to the merit of the long time contention that has been 
argued so strongly in South Florida for many, many years in 
behalf of a safe and sound overall water control program. 

We hope the next session of the Legislature will show recog¬ 
nition of the facts which exist and a willingness to ^ve financial 
support to the necessary phases of the comprehensive plan. We 
have recognition even in Washington that the program should be 
handled as a national as well as a local problem. As the best 
possible evidence of that fact we have the Chairman of the Sub¬ 
committee of the Senate which deals with matters of this nature 
arriving in the State very shortly for a personal examination of 
this area and its problems. 


'—Member, Board of Commissioners, Everglades Drainage District, 
Clewiston. 
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IMPORTANCE TO AGRICULTURE 

Actually the plan will be of little use if it does not adequately 
concern itself with the welfare and development of agriculture. 
For Florida is essentially an agricultural state and will find an 
ever increasing need for growth in this field if the requirements 
of a rapidly increasing population are to be successfully met. 

Sugar Cane 

We may have a change of opinion in Washington with respect 
to the production of sugar, and if that change of opinion comes 



Piguie 1.—Nomal field of su^ar cane ca¬ 
pable of producing 40 tons of cane at matur¬ 
ity containing 3 to 4 tons of raw sugar per 
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about, it is ample demonstration of two things: first, that we can 
because we have successfully produced sugar; and second, that 
sugar cane plant will stand a lot of beating. The evidence is in 
the fields right now. 

It IS interesting to recall that the first agricultural develop¬ 
ment in the Everglades was based on sugar. There is no question 
whatsoever as to the possibility of expanding sugar operations 
as we do have the land and the experience as well as the necessary 
management. We lack two things: first, authorization by the 
Federal Government to increase sugar production; and second, 
the physical protection necessary against the very fiood condi¬ 
tions which you can see all about in the lake area at the present 
time. Thus, no one would argue that the conditions shown in 
Figure 2 are satisfactory for sugar production and that the 
normal plant growth shown in Figure 1 is not much to be pre¬ 
ferred for this purpose. 



Figfie 2—Sugai cane undei flooded conditions in the Canal 
Point aiea which not only had a difficult time keeping off the 
led side of the ledgei but even of suivivmg 


FIBER CROPS 

We are on the verge of a tremendous development of fiber 
plants in the Everglades, Figure 3. Unfortunately, ramie, one 
of the most important among them, is particularly susceptible to 
high water, Figure 4. Moreover, both Sansevieria and kenaf also 
are quite particular in their needs for water control whether 
growing on organic soils or the mineral soils adjacent, although 
not nearly as sensitive as ramie. 

The comprehensive plan, which we have heard discussed, 
when put into operation should provide the necessary degree of 
protection and a real future for ramie and several other fiber 
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Figuie 3—Noimal growth of lamic on the organic soils of the Ever¬ 
glades Three cuttings from a stand of this type should yield at least 
3/4 ton of dry, decorticated fiber per acie, per yeai 



Figure 4—One ot the early plantings of ramie at the Ever¬ 
glades Experiment Station (Autum 1929) showing wilting and 
loss of leaves during a period of excessive rainfall the follow¬ 
ing spring as a result of poor drainage Photo taken Juno 

24, 1930 

crops which are being investigated at the Everglades Experi¬ 
ment Station by State and Federal workers. There seems no 
question as to possibilities for these crops in this area extending 
almost beyond the average imagination. However, adequate con¬ 
trol must be regarded as a prime prerequisite for the develop¬ 
ment of these crops. 
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LIVESTOCK AND PASTUKE 

Now we come to livestock. There are pastures throughout 
the Okeechobee and lower Glades area that are completely flooded 
at this moment. Conditions in the Lake Istokpoga area are much 
worse than last year and resemble a vast, almost limitless, lake. 
Only a couple of weeks ago the water was up to the running 
board of cars right here in the city of Clewiston. As a matter 
of fact, I am told that was the reason for delaying your meetings 
which were scheduled to be held here at about that time. 

The two most important phases of livestock development 
which an adequate system of water conservation and control 
will assure in South Florida are: (1) Production of feeders on 
what we now call range cattle country to the north and west of 
Lake Okeechobee; and (2) The finishing of cattle in the upper 
Everglades. Today neither of the above are risks that any man 
cares to take even though many are doing it. 

However, I am firmly convinced that given that degree of 
protection against floods, which will also enable the muck soil 
farmers to produce bumper crops of high quality corn for use in 
the cattle project, this Everglades Country will be turning out 
the highest grade of beef to be found anywhere. We’ve got to 
keep the grass and grow the grain. We will then make far better 
annual yields than any state in the south, whether it be corn or 
finished beef. The contrast of good and bad conditions, insofar 
as the livestock industry is concerned, is well shown in Figure 5. 



Figure 6.—Part of the purebred Devon herd at the Everglades Experiment 
Station grazing Para grass “in depth.” This is a most desirable contrast 
to the almost complete removal of the cattle population from the Glades 
proper following such stoims as that of 1947. Such forced migrations are 
very costly in terms of time as well as animal losses. The only answer is 
Water Control and Conaeivation. 
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VEGETABLE CROPS 

Vegetable farming is a gamble with unlimited room for ex¬ 
pansion in this section of the State if needed. Aside from reduc¬ 
ing and even eliminating some of the risks in this hazardous 
field, an improved water control system also is going to encour¬ 
age some of the diversification that we have needed so badly in 
the agriculture of this section of the State. 

OTHER BENEFITS 

There are a lot of other benefits of which Mr. Scott has indi¬ 
cated a considerable number. Principal among them is, of course, 
the protection of the East Coast. Reference in this is not only 
to such catastrophic fioods as have been experienced much too 
frequently in this area in the past, but also to the continuity of 
domestic water supplies through critical periods of drought 
which otherwise develop with about the same regularity as the 
fioods unless the overall protection is developed against both 
sets of circumstances which Mr. Scott has discussed so ably. In 
other words, if we don’t save water when we happen to have 
too much we certainly are not going to have it when there is 
too little, and when we need it badly, in consequence. 

The Agricultural Interests and Chambers of Commerce have 
yet to fully appreciate the fact that the great conservation areas 
which are being set up in these sections (points to Mr. Scott’s 
maps) with their extensive exposures of water surfaces will 
go far in restoring the mild winter temperatures that charac¬ 
terized the East Coast areas before the drainage of the Glades 
began. 

Agricultural interests will benefit in this respect along with 
populous areas because sand land farming operations all up and 
down the East Coast, including the lower Glades which are very 
extensive, have suifered tremendously, not only from cold, but 
also from drought. In my own experience during the past 30 
years in the Glades, I can vouch for the noticeably lower average 
winter temperatures which have been experienced. Incidentally, 
the State recently acquired an additional area of 50,000 acres 
for inclusion in this (points to “Hillsboro Lake” tract) conser¬ 
vation area with the proposal that the whole be turned over to 
the Wild Life Service of the U. S. Department of the Interior 
with the State retaining the water control rights on it. 

A further benefit is to be found, of course, in the value of 
such conservation areas in the reestablishment of wild life in 
these sections such as in the so-called “Hillsboro Lake” section. 

I can tell you for a fact that possibilities exist out in these 
areas for development along these lines which not even the 
wildest-eyed sportsman will believe until he has actually seen 
them. These natural benefits of the water storage areas contem¬ 
plated in the plan together with the benefits they confer upon 
adjacent areas are really something to conjure with in contem- 
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plating the future possibilities for development in South Florida, 
agriculturally and in many other ways. 

To my way of thinking the moat outstanding benefit of this 
heroic plan to this great section of the State is, in effect, the 
removal of fear. By this I refer not only to the timidity of the 
individual coming into a country where such experiences as 
we have just gone through happen over and over again. Ref¬ 
erence also is to the timidity of capital. 

The development of this comprehensive plan which we have 
been discussing this morning will very definitely attract the 
kind of capital which took a chance when it came in here and 
built the sugar mill at Canal Point, or the one at Clewiston and 
the one over at Okeelanta; also the ramie development on the 
other side of the lake; and the many packing house enterprises 
in Belle Glade—^they all took chances, most of them of a type 
that ordinary possessors of capital will not think of risking. We 
can now have real hope of putting development in this section 
of the State on a basis where much of that fear has been per¬ 
manently removed. We must bring in the capital and the people 
that go along with it. To me such an accomplishment will be, 
by far, the most outstanding benefit of this plan to this area. 

There are, of course, other points in the matter of fire haz¬ 
ards and other considerations that go along with Soil Conser¬ 
vation which are of extreme importance to the future develop¬ 
ment of this section of the State, which must be incorporated 
into this plan with great thoroughness and care. 

In closing, I am impelled to point out that these people who 
you see working in the Everglades stay in this country because 
they love it. In fact, they love it so much that they have absorbed 
the floods, the fires and the winds through the years as matters 
of course. Certainly they are not the timid sort or they would 
not be here. 

I can also tell you that they are not so calloused to the rough¬ 
ness of the treatment that they have experienced in the past that 
they will not appreciate the benefits of the plan we have been 
discussing and the relief from the perpetual fear that everyone 
feels while living under such conditions. They will not only 
appreciate these changes, but will take the fullest possible ad¬ 
vantage of the benefits conferred by this plan, as it develops, 
in order to improve the use of the land and give it the better 
protection that it has needed so long through the physical facili¬ 
ties that, for the first time, will be available for this purpose. 



DISCUSSION 
Led By 

Col. H. G. Matthews* 

Col. Matthews: We have had a number of able, as well as 
some rather blind, discussions on the control of aqueous and 
sub-aqueous weeds. There also has been a considerable amount 
of discussion of water control, floods and drought. These tie to¬ 
gether very easily, particularly in our flat country. 

We must have adequate drainage canals that function ef- 
Aciently. We are approaching the weed control problem as a 
means to an end in the water control effort. My job is to see 
that end arrived at for the State as a whole. We have a sub¬ 
committee of congress coming in, the chairman of which is from 
the Nevada mountains. Senator Malone has no conception of the 
flatness of this country; it is inconceivable to him that floods 
can lie on the land for so long. We must get these things across 
to him. 

Water control benefits as they affect the whole State can be 
illustrated with a few simple facts. The State of Florida was 
the first portion of the United States discovered by the white 
man and still only 7 percent of the land of the State is developed 
after about 400 years. That is one thought. Another general 
fact is that a dead cow doesn’t pay any taxes; a drowned out crop 
doesn’t send kids to college, doesn’t pay any bills. We are princi¬ 
pally an agricultural State and any community is handicapped 
by floods. Under such conditions you are not going to have any 
major developments. People will be sparsely scattered over the 
area; property evaluations will be low; communication facilities 
will be developed to only a minimum degree, if they exist at all. 
Business and professional men in the area are going to be poor. 
Public health will be bad. In other words, we must get weeds 
out of the canals, dig more canals, set up proper water control 
works with proper reservoirs. 

The problem is simple but it is going to take unity in this 
area and over the whole State to solve it. We are beginning to 
get that unity. We are going to need the help of the whole State 
to put this job over. Let us set up an arrangement or under¬ 
standing whereby the rest of the State, in turn, can be helped. 
In other words, this can be treated as an economic thing which 
happens only once or we can look ahead a bit and see what we can 
do to get those benefits from planning to which we are entitled. 
I should now like to hear some discussion from the floor. 

Harold A. Scott : I should like to mention a point here. Those 
familiar with the work that is going on with the comprehensive 
plan might wonder if the geological survey by Mr. Hoy, and 
the map which I submitted, offer a high probability that we may 

-Chief, Division of Water Surveys and Research, Tallahassee, Florida. 
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run into difficulties. These porous rocks could very easily prove 
a boon to the comprehensive plan rather than the opposite. Why 
should we try to improve on nature. We do realize the problem 
that we are up against and we can provide the answer. The 
problem can be solved. 

Lamar Johnson: The thing that is worrying me is the ability 
of the rocks to yield water. While they may be quite a boon to 
that end of the State, I am wondering if you find any differences 
in the ability of the rock to yield any water, as between the 
Tamiami limestone and the Miami Oolite, for instance? 

Nevin D. Hoy: Geologically they are about the same on the 
average. This sample of Tamiami is very dense. It is generally 
uniform. 

Horace A. Bestor: There is little public understanding of the 
resources of the State or any conception of what we are ex¬ 
ploiting and wasting. The fertility of Florida soils is negligible 
for the most part. We must put something into our soils to get 
full value. The really great advantage is in the climate and in 
our generous water supply. Water is not alone the problem of 
flood control. The future of Florida depends on its water supply. 

The condition of development that we are in now is relatively 
a pioneering situation. We seem never fully to have recovered 
from the storm of 1928. Development results to date all indicate 
that from the outset we have been largely dependent on water 
supply. We have already had considerable experience with a 
small group only in respect to municipal uses. During the de¬ 
velopment of the increased need of water, we are talking about 
industrial developments. However, we have no such water sup¬ 
ply. The benefits of water are so great and the demand develops 
so fast and becomes so big that I doubt if there is anything in 
the way of public understanding. 

Matthews: As estimated by the salt water encroachment on 
the present uses of water, etc., population of Florida would be 
limited by lack of water at a time when we arrive at about 3 
times the present population unless we do something about it. 

Bestor: I think that is a very conservative estimate. Nobody 
realizes what might happen until we reach a critical condition. 
That phase has not been appreciated. Even though we make 
mistakes we will learn by doing something consistently. 

There is no question as to the hydrological advantages in hav¬ 
ing water control. We will, by storing and conserving our water, 
come close to restoring those natural conditions which we have 
so nearly destroyed. One thing we must remember and that is 
every drop of water that originates in South Florida that is 
useful comes from rainfall. There are no outside sources. We 
cannot do a lot of downhill draining. One only conserves this 
water by taking advantage of the things that are not going to 
bleed your land out but will hold your moisture. We can easily 
do this with the rainfall we have had even with beneficial flood 
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control heights. Damage is temporary. Put that water to a use¬ 
ful purpose. 

R. V. Allison: In all this water storage talk there is a point 
we must remember. As soon as we begin to store water on a 
surface with a highly porous substratum we are going to lose 
that water through simple leakage. That is to say if Tamiami 
lime rock has the porosity of washed gravel, which the geologists 
claim it does, then it leaks and leaks badly and we might as well 
face this fact. 

Indeed there are those who hold that the shallowness of the 
organic mantle to the South and over these areas of highly por¬ 
ous rocks is due to exactly that factor, leakiness. In other words, 
if your kraut barrel has even one hole in the bottom, you are not 
going to have a very good volume of kraut after the elapsed per¬ 
iod of fermentation. All of this ties in to our overall question 
of soil losses in all parts of the Everglades wherever these or¬ 
ganic soils are drained and tilled; and this brings up the further 
question as to where our agriculture is going when it has to 
leave the Glades!!! 

While this insidious subsidence tendency can be delayed by 
the manner in which we handle these soils, we must nevertheless 
suffer a continuing loss at a rate that is roughly a straight line 
function of the depth to the water table. 

However, the actual discussion of our agricultural outlook 
against the time the main body of the Everglades becomes non¬ 
arable should doubtless better be made the subject of another 
symposium. In the meantime, we should not forget the hard 
facts with which we are confronted and even keep in mind that 
abandoned agricultural areas of marsh soils which have been well 
fertilized during the period of cultivation are proving to be 
some of the finest wild life areas in the world. This is largely 
due, of course, to the great abundance of feed plants resulting 
from the substantial residue of plant food which has accumu¬ 
lated from the agricultural practices of the past. In the mean¬ 
time, too, we should exercise every vigilance and spare no effort 
at improving both soil and water conservation practices in the 
whole area since the dissipation of the land itself through use 
can be greatly slowed down by the use of judicious management 
practices. 

Johnson: I read an article a short time ago where agriculture 
in the West is pumping water from tremendous depths under¬ 
ground for agricultural purposes; and up in Washington Senator 
Malone only recently made a statement that he had just come 
from a conference on one of the projects in the West where they 
were considering pumping 1800 cubic feet per second from a 
level of 600 feet. We are not in that shape yet. Maybe we’ve 
wasted our water but we’ve pretty well replaced it during the 
last couple of years. Artesian wells don’t rise 20 feet in the 
air but they can be pumped with a hand pump. It is truly time 
to do something about our water supply, but we are starting 
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pretty even with the exception of soil loss. We are much better 
off now as we still have water. Mr. Hoy, do you have any idea 
of the rate of salt encroachment along the East Coast? 

Hoy: There is practically no salt encroachment in Dade Coun¬ 
ty at the present time. During the past year and one-half canal 
flow proved sufficient to hold salt water back. Temporary dams 
also were placed. The experience was that the salt concentration 
passed from 1000 p.p.m. to 3000 over a period of six months and 
then moved back to 500. This is an overall value for observa¬ 
tional purposes and has remained stationary except in the south¬ 
ern part of Dade County. The West Palm Beach area is still 
pretty well down. Southeast part of Florida remains about 
stationary at the present time. Not getting much better but 
it takes a lot of time. 

Hoyt A. Nation: Dr. Allison mentioned it was desirable to 
have members of Fish and Wild Life Commission present at 
these meetings. What has the State Board of Health decided con¬ 
cerning spraying of 2, 4-D on these lakes and canals? 

Allison: In further reference to my earlier remarks and, in 
fact, to the makeup of our present program, I do feel that the 
Fish and Wildlife people should be taking an increasingly active 
interest in the future development of the Everglades area. 
With regard to Mr. Nation’s question, the Board of Health will 
now approve the use of 2, 4-D, provided it does not contain free 
phenol, at least in the amount that we can do the job with. Since 
there is no free phenol in 2, 4-D, we should have a considerable 
degree of freedom in its use insofar as toxicity to fish, domestic 
animals, etc., is concerned. 

Johnson : The freedom of this material from toxic principles 
surely needs some good publicity. 

/. E. Beardsley: Called attention to current report in paper 
of a Government committee of 21 that had been appointed to re¬ 
view the COMPREHENSIVE PLAN and work with local and 
State boards as well as the Corps of Engineers. There are to be 
8 members from the State Legislature and 13 citizens at large. 
We are fortunate that Senator John Beacham, of West Palm 
Beach, and Mr. B. Elliott, of Pahokee, are named to that com¬ 
mittee. We in the Glades are exceedingly fortunate in that a 
staff member of the principal metropolitan newspaper of South 
Florida, a very worthy friend who has done us tremendous ser¬ 
vice, and who I am happy to say this morning has been nomi¬ 
nated to that committee is here, present with us—Jeanne 
Bellamy. 

Shortly following the introduction of Miss Bellamy, Col. 
Matthews called attention to the lateness of the hour, 12:30 P.M., 
Saturday morning, and closed the discussion forthwith. A mo¬ 
tion for adjournment was made immediately thereafter and, 
upon favorable voice vote the meeting was formally closed by 
Chairman Bestor. 
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BANQUET AND BUSINESS MEETING 

The Ninth Annual Banquet was held at the Clewiston Inn 
on the evening of October 12th, 1948. The Guest Speaker for 
the occasion was Mr. Lewis S. Evans, Plant Industry Station, 
U. S. Department of Agriculture, Beltsville, Md. Mr. Evans’ 
address “The National Weed Control Program” is printed in 
full in this volume on pages 9-14, inclusive. 

BUSINESS MEETING 

The reading of the minutes of the past meeting was dispensed 
with and the report of the Secretary and of the Editor were each 
of an oral nature. The report of the Treasurer, to be made at 
the close of the calendar year, was ordered audited at the proper 
time by the following committee; D. W. Smith, Chairman; T. C. 
Edwin and J. C. Hoffman. 

Report op the Nominating Committee 

In view of the recent resignation of the Vice President of 
the Society, Dr. Lewis H. Rogers who had accepted a position 
with the Oak Ridge Project prior to the meeting, it became 
necessary to elect a president as well as a Vice President for the 
coming year and the Nominating Committee was so instructed 
by the Chair at the time of their appointment early in the meet¬ 
ing. 

In making their report, the Committee submitted their choice 
of Dr. W. T. Forsee, Soil Chemist, at the Everglades Experiment 
Station Belle Glade, for President and Dr. R. A. Carrigan, Bio¬ 
chemist and Spectroanalyst in the Soils Department of the Col¬ 
lege of Agriculture, Gainesville, for Vice President. The Chair 
then called for nominations from the floor. None were offered. 
A motion was then made and seconded that the Secretary be in¬ 
structed to cast a unanimous ballot for the slate that had been 
offered by the Nominating Committee. This action was approved 
by oral vote with no dissent. The new officials were duly inducted 
into their respective offices immediately prior to the close of 
the meeting. 

Meeting op the Executive Committee 

A very brief meeting of the Executive Committee was held 
immediately following the close of the business meeting es¬ 
pecially to appoint a Secretary-Treasurer and to discuss the dedi¬ 
cation of the forthcoming volume of the Proceedings, No. IX, 
covering the meetings just concluded. 

In filling the post of Secretary-Treasurer, R. V. Allison, 
Everglades Experiment Station, Belle Glade, was again ap¬ 
pointed. In respect to the dedication of the Proceedings it was 
unanimously decided to request of Colonel Willis E. Teale the 
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privilege of dedicating it to him in recognition of the great and 
good work he, as District Engineer, and his associates in the 
Jacksonville District Office, Corps of Engineers, have done dur¬ 
ing the past few years in the development of a UNIFIED PLAN 
OF WATER CONTROL AND CONSERVATION for Central 
and South Florida in close cooperation with State, Federal and 
local agencies. The Secretary was instructed to contact Colonel 
Teale and learn his pleasure in this matter. 



RESOLUTION OF SYMPATHY 
Soil Science Society of Florida 


Whereas, death has taken from our rolls during the year the 
following esteemed members of the Society whose sincere and 
constructive interest in all aspects of the work will make 
their absence keenly felt for a long time to come, 

Now Therefore, Be It Resolved, that this expression of sorrow 
over this great loss and of sympathy to the immediate families 
of the deceased be spread upon the records of this Society 
and a copy of same be sent to the closest member of the family 
of each. 


Mr. J. C. Adderly 
Molino, Florida 

Mr. G. J. Barstow 
South Bay, Florida 

Mr. Rex Beach 
Sebring, Florida 

Dr. Charles E. Bell 
Gainesville, Florida 

Dr. William J. Buck 
Belle Glade, Florida 

Mr. Joshua C. Chase 
Winter Park, Florida 

Dr. A. P. Dachnowski-Stokes 
Riverside, California 

Dr. R. 0. E. Davis, U.S.D.A. 
Washington, D. C. 


Mr. William A. Desnoyers 
Belle Glade, Florida 

Dr. John C. Gifford 
Coconut Grove, Florida 

Mr. W. B. Granger 
Belle Glade, Florida 

Dr. G. B. Sartoris 
Washington, D. C. 

Mr. Frank Stirling 
Ft. Landerdale, Florida 

Mr. W. E. Stokes 
Gainesville, Florida 

Mr. L. L. Stuckey 
Pahokee, Florida 

Mr. Arthur E. Taylor (4-3-47) 
U.S.D.A., Washington, D.(!!. 

Mr. B. McE. Whitlock 
Palm Beach, Florida 


By the Resolutions Committee, 
Luther Jones, Chairman. 



William A. Desnoyers 


On the afternoon of October 13th, 1948, in the course of a 
demonstration of airborne spray equipment in the Clewiston- 
Moore Haven area, Mr. Desnoyers was so unfortunate as to 
take a position directly in the line of flight of the spray plane, 
apparently with the idea of photographing the equipment in 
action both as it approached his position and as it left it. 

The suddenness of his decision to do this must be obvious 
from the fact that he must have taken the position after the 
plane (an N3N biplane) had fully completed its turn and settled 
down towards the run that had been decided upon for the 
demonstration; for the pilot could not possibly see an object 
directly in his immediate path at such a time, especially after 
he had viewed the run as fully clear at the turn. 

While a critical examination of the plane following the acci¬ 
dent failed completely to show the place or nature of the im¬ 
pact, death was instant. 

In commenting on this tragic happening, Mr. Leo. L. Burnet, 
Chief, Engineering Division, Jacksonville District, Corps of 
Engineers, had the following to say: 

“This oiflce was indeed sorry to hear of the fatal acci¬ 
dent to Mr. William Desnoyers. Inasmuch as he had worked 
alongside of several of the people from our office in the ex¬ 
perimental work on hyacinths at Mulberry, this office in a 
measure shares with you in this loss. 

“Inclosed is a photograph of Mr. Desnoyers operating 
spray equipment from the stern of a hyacinth- destroyer 
boat at Mulberry, Fla., in April of this year. In view of his 
interest and contribution to the work on water hyacinth 
control investigatigations, it is thought his family might 
like this picture.’’ 

It is in view of Mr. Burnet’s thoughtful suggestion and con¬ 
tribution of the photograph that it is published in these Pro¬ 
ceedings, the original copy having been sent to Mr. Desnoyers’ 
family along with this attendant record. 




S.'Amy, xn the 

Mulbeiry (Fla.) aiea. 
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THE HYACINTH ERADICATION PROGRAM OF EVER¬ 
GLADES DRAINAGE DISTRICT, FLORIDA, 1946-1948 

General Area 

The main body of organic soils of the Everglades extends 
from Lake Okeechobee to the southernmost tip of Florida. This 
area is approximately 40 miles wide and 100 miles long and is 
bounded on the east and west by mineral soils of higher ele¬ 
vation. This flat expanse of organic soils was originally the 
natural floodway for the overflow of Lake Okeechobee and the 
runoff of the surrounding higher lands. 

In the process of reclamation, canals were constructed from 
Lake Okeechobee in an easterly and southeasterly direction to 
a connection with short coastal rivers, or other natural outlets, 
discharging into the Atlantic Ocean. These main arterial canals 
were four in number, varying in length from 40 to 80 miles and 
in width from 60 to 110 feet. Several smaller east-west canals 
complete the arterial system of canals, now independent of the 
control system for Lake Okeechobee. 

By 1946 the existing arterial canal system had become choked 
with hyacinths and reduced approximately 50% in efficiency. 
Because of the inadequacy of this system to serve agricultural 
development, and because monies for structural improvement 
of the system were not in prospect, a hyacinth clearance pro¬ 
gram seemed the only way to increase the efficiency of the sys¬ 
tem within the means available. 

The Arterial System—Then and Now 

Two years ago, mid-year 1946, the total arterial canal sys¬ 
tem was largely overgrown with water hyacinths. For years 
these plants had flourished almost undisturbed even by serious 
frost-kill. Maintenance had almost ceased after the bankruptcy 
of Everglades Drainage District in 1930. The hardy growth of 
plants, generally 24" to 36" in height, had created a matted root 
blanket from bank to bank that continued for miles along most 
of the canals. Few places in the world, if any, can excel the Ever¬ 
glades in ideal growing conditions for the water hyacinth. 

The only exceptions to this general rule were the lower 
reaches of the Miami Canal, where infestation had never been 
serious for some reason, and in the West Palm Beach Canal. 
The latter canal was only about 70'A covered because of efforts 
in prior years, by the District and other agencies, to keep the 
channel open by “drifting.” 

The history of the water hyacinth in the arterial canal sys¬ 
tem of the Everglades is a comparatively short one. Contami- 
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nation began as soon as the canals were connected with Lake 
Okeechobee, generally about 1918. During the next ten years 
the use of the channels for navigation supplied some degree of 
control. However, by the middle 1920’s it was necessary to 
equip a clamshell dredge with a special bucket for occasional use 
in clearing hyacinth jams from the channels. With the con¬ 
struction of highways into the Everglades, the use of the canals 
for navigation rapidly decreased. The financial difficulties of the 
District after 1930 removed the last block to the hyacinth’s ex¬ 
pansion and the canals were soon covered. 

By 1935 means were being sought to clear the canals to pro¬ 
vide better drainage. In 1934 and 1935, the Port of Palm Beach 
District spent approximately $10,000. on hyacinths in the West 
Palm Beach Canal in an effort to maintain navigation for the 
transport of materials used in the construction of control struc¬ 
tures in the U. S. Government Levee around Lake Okeechobee. 
In 1936 the Works Progress Administration and the State Road 
Department cooperated in an expenditure of several thousands 
of dollars to remove the hyacinths from this same canal. This 
project was interrupted by the U. S. Engineers in objecting to 
the discharge of hyacinths into Lake Worth and the Inland Wa¬ 
terway. The U. S. Engineers, in 1939, made available the sum 
of $10,000. to clear the West Palm Beach Canal of hyacinths 
provided Everglades Drainage District would agree to maintain 
the channel clear thereafter. The District agreed and the project 
was undertaken. The U. S. Engineers, in 1940, also cleared 8 
miles of the upper Hillsboro Canal, 18^4 miles of the upper 
North New River Canal and 12 miles of the upper Miami Canal. 
After this clean-out, the District and the Engineers agreed to 
maintain specified parts of each cleared section in a clean con¬ 
dition thereafter. Both agencies failed in this agreement. 

After the District’s defaulted indebtedness was settled, and 
limited funds were again available for maintenance work, the Dis¬ 
trict tried to improve the hyacinth situation. In 1943 and 1944 
approximately $6,000. were expended annually on hyacinth con¬ 
trol. In 1945 approximately $9,000. were expended. The bulk 
of this work was done on the West Palm Beach, North New River 
and Bolles Canals. The method of control generally used was 
drifting the hyacinths downstream into the ocean, although a 
limited amount of removal by dragline equipment was under¬ 
taken. An experimental stretch of one-half mile of hyacinths 
was removed from the Hillsboro in 1944, at a cost of $1,647.00. 
Much of the expenditure during these three years was on the 
West Palm Beach Canal in a losing battle to maintain an open 
channel in the canal. 

The picture today is entirely changed. The arterial canals 
are nearer being free of hyacinths than at any time since the 
middle 1920’s. The channels of the three major canals are en¬ 
tirely free of hyacinth jams, even at the many obstructing 
bridges. The only jams that cannot be eliminated are those near 
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the upper ends of the canals where booms have been construc¬ 
ted to prevent infiltration of hyacinth from Lake Okeechobee. 
Only the occasional hyacinth plant or small group of plants re¬ 
main to receive the attention of the patrol boats in the routine 
control program in these canals. 

The District's Hyacinth Program 


Chronology — 

Spring, 1945—Everglades Experiment Station made first tests 
with 2, 4-D (2, 4-dichlorophenoxyacetic acid) on hyacinths 
in Hillsboro canal and found it entirely effective. 

Fall, 1945—Everglades Experiment Station expanded experi¬ 
ments with 2, 4-D. 

March 7, 1946—Appropriation made to Everglades Experiment 
Station to expand experiments with herbicides. 

April, 1946—Experiments expanded to include spraying by aero¬ 
plane. 

June 6, 1946—Everglades Drainage District authorized project 
and appropriated funds for program of clearing 178 miles of 
the main canal system. 

June 21, 1946—Crop liability insurance coverage obtained. 

June 22, 1946—Contract let for aeroplane spraying of 114 miles 
of arterial canal. 

July 4, 1946—Began aeroplane spraying using diesel oil mix. 

July 8, 1946—Began spraying by boat. 

Sept. 7, 1946—Second phase of aeroplane spot treatment of 
jams begun. 

Dec. 1, 1946—Seasonal cessation of spray program. 

Feb. 1947—Test sprayings for observation of results in early 
spring. 

Mar. 1, 1947—Floods delayed start of spring program. 

Mar. 21, 1947—Began spring program. 

May 5, 1947—Amphibian “shoes” put to work. 

June 1947—In flood emergency, curtailed spray program. 

Oct. 1947—Flood emergency halted spray program. 

Nov. 7 to Dec. 12, 1947—Limited spraying by boat. 

Jan. 17, 1948—Began spring boat spraying program. 

March 1948—Began moving remaining jams from major canals. 

July 31, 1948—162 of original 178 miles of canal entirely on pa¬ 
trol basis. 


Procedure 

In the fall of 1945, the Everglades Experiment Station at 
Belle Glade, Florida, obtained small quantities of 2, 4-D with 
which to begin experimental work. Most of these materials were 
in dust form. Some of these limited amounts of materials were 
used experimentally in distribution by aeroplane on hyacinths 
in a short section of canal. Results of these early experiments 
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were encouraging but showed the need of developing the correct 
method of application and control. 

During the next few months many new formulations of 2, 
4-D became available for experimental work. Realizing the pos¬ 
sibilities of this herbicide as a means of fighting the hyacinth 
problem, the Board of Commissioners, on March 7, 1946, ap¬ 
propriated $500.00 to be used largely to purchase materials with 
which to conduct hyacinth experiments. Experimental work with 
aeroplane spraying was begun extensively in April, 1946. Va¬ 
rious formulations of 2, 4-D at different rates were applied. 

As a result of these experiments the following basic conclu¬ 
sions were reached that determined the type and scope of the 
hyacinth eradication program later authorized by the District: 

1. That unit for unit of the killing component, sprays were 
more effective than dust and generally easier to control in ap¬ 
plication. 

2. That a rate of 200 gallons per acre of a spray containing 
1000 p.p.m. of 2, 4-D was generally suitable in hyacinth eradica¬ 
tion work. 

3. That certain types of agricultural plants were very sensi¬ 
tive to 2, 4-D. 

4. That 2, 4-D was non-toxic to fish and cattle in the concen¬ 
trations used. 

5. That spraying by aeroplane was feasible and economical 
of use in hyacinth eradication work on the District’s canals. 

6. That the use of spray boats to clean up behind the aero¬ 
plane and to later patrol the canals was evident. 

On June 6, 1946, the Board of Commissioners of Everglades 
Drainage District authorized a hyacinth program embracing 
178 miles of the arterial canal system. Of this total, it was pro¬ 
posed that 114 miles be sprayed by aeroplane and 64 miles by 
boat. Most of the proposed boat work was on the West Palm 
Beach canal where efforts at control had been made in prior 
years and the cover was not as extensive or densely matted. The 
cost of eradication to reach the patrol stage was estimated at 
$45.40 per mile or a total of approximately $8,000.00. The pro¬ 
gram was from time to time extended to cover additional mileage 
and the estimated cost was much less than actually expended. 
This estimate is cited in this paper to show what can be ex¬ 
pected in the way of cost under optimum conditions that never 
occurred in the District’s program. 

Insurance coverage on crop damage as a result of the spray 
program was obtained June 21, 1946. No claim was ever made 
under this policy and the premium was reduced 30% after the 
first year. Obtaining crop liability insurance of this tjrpe was 
difficult as there was no precedent or established rate. This 
necessarily delayed letting the contract for the spray work. 

The contract was entered into the following day, June 22, 
1946, at a base rate of $0.75 per acre of hyacinths sprayed. 
Specifications called for spraying the center area of each canal 
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“to within a few feet of the channel edge.” It was proposed to 
make the first application at the rate of 750 p.p.m. as compared 
with the standard rate of 1000 p.p.m. in 200 gallons of water 
per acre. In the type of aeroplane equipment used, this was the 
equivalent of 3 pints of 40 % 2, 4-D product in 2 gallons of water 
per acre. The proposed second treatment, to be applied approxi¬ 
mately two weeks later, was to be at a rate of from 75% to 
100% of the first application, as determined by then existing 
conditions. As it developed, this rate of application was never 
followed. 

The type of aeroplane equipment used consisted of N3N bi¬ 
planes powered with a 250 horsepower motor. A spray boom was 
rigged under the surface of the lower wing and fitted with spray 
nozzles spaced 18 inches apart on the boom. An operating pres¬ 
sure of 60 pounds per square inch was developed by a small 
marine gear pump driven by an auxiliary propeller. A 50 gallon 
tank was mounted in one cockpit of the aeroplane as a supply 
tank. 

The original program of sprasdng by aeroplane using water 
as the carrier had several serious weaknesses, the most impor¬ 
tant of which was the loss of effect of the killing component if it 
rained on the sprayed area within a few hours after the spray 
work was completed. Another was the failure to get coverage 
to the edge of the canal channel. Consideration had been given 
to oil as a carrier. On July 4, 1946, an experimental stretch of 
canal was sprayed using No. 2 diesel oil as the carrier. The re¬ 
sults were very satisfactory, giving much better coverage and a 
better kill. 

Thereafter diesel oil was used almost entirely. The spray 
boom was changed to a section of electrical conduit with No. 70 
sized holes drilled at V/^ inch intervals. This part of the equip¬ 
ment has again been changed with the availability of better 
designed nozzles and cut-offs that prevent “drip.” After the 
decision to use oil in the spray, it was found that only one of 
the formulations of 2, 4-D was miscible in oil. Fortunately we 
had used this formulation in the experimental work. Emul¬ 
sifying agents were tried with no success. Unfortunately, the 
formulation that was miscible in oil was one of the highest priced 
on the market, but it was considered that the increase in results 
was worth the additional cost. The price has since been sub¬ 
stantially reduced. 

These developments changed the original program somewhat. 
It was found that a smaller dosage obtained satisfactory results. 
It developed that a complete second application was not the 
economical method to use. As it resulted, the canals designated 
for aeroplane spraying were sprayed one time over by August 
31, 1946, and the dying hyacinths allowed to sink and clear up 
as much possible. The aeroplane program was expanded to in¬ 
clude nine miles of the upper Miami Canal. In this first phase, 
1259 acres, the rate of application averaged 0.8 quart of 40% 
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butyl ester carried in approximately 8 quarts of No. 2 Diesel oil 
per acre. 

This first application resulted in approximately an 80 
kill and the costs were as follows: 

Herbicide cost per acre $2,109 

No. 2 Diesel oil cost per acre 0.076 

Application cost per acre 0.775 

Per Acre Total $2,958 

On July 8, 1946, the boat-spray program was commenced in 
the West Palm Beach Canal. A flat bottomed ''frog-boat” hull 
powered by a 10 horsepower outboard motor was used. The 
spray equipment consisted of a conventional 20 g.p.m. orchard 
spray pump driven by an air-cooled motor, a "boom-type” spray 
wand and a 50 gallon supply tank. This was a two-man opera¬ 
tion. The mixture used was at the rate of 1000 p.p.m., being one 
pint of 40 formulation of 2, 4-D in 50 gallons of water. 

Where there was any open channel in the canal, the boat 
worked well. At first, it was attempted to force the boat through 
the hyacinth jams by cutting a path with machetes. This was 
slow and costly and the procedure evolved into portaging the 
boat around the jams, spraying where there was any open chan¬ 
nel. Later the jams were sprayed by aeroplane. 

In early September 1946, the second phase of the aeroplane 
spray program was begun. Obviously, the existing situation did 
not permit employment of an aeroplane on an acreage basis. 
Thereafter, all such spray work was done on an hourly contract 
agreement. 

The condition met here was the result of dead hyacinths 
sinking and loosening the original matted surface to an extent 
that permitted both remaining dead hyacinths and live hya¬ 
cinths to drift with wind and current and form considerable 
jams at the numerous short-span bridges over the canals. These 
jams delayed the time that the spray boats could navigate most 
of the canals in a clean-up program. This added immeasurably 
to the ultimate cost of the hyacinth eradication program. In con¬ 
trast to the general condition, the West Palm Beach Canal, 
where there are few short-span bridges, was substantially on 
a patrol basis a full year before the other arterial canals. 

During this phase of the program, the aeroplane was uti¬ 
lized in spraying the jams as they formed. Regrowth of the 
hyacinths was a factor and the inability to combat this re¬ 
growth successfully was discouraging. The problem accentuated 
the need of some method of control during the period between 
the spraying of a covered channel by aeroplane and the opening 
of a channel that a boat could navigate. A spraying arrange¬ 
ment on the wingtip of the aeroplane was tried without any 
large degree of success. This problem of control in the interim 
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between the aeroplane and the boat resulted in the construc¬ 
tion of an amphibian machine for this job the following spring. 

Cool weather by December 1,1946, halted the hyacinth spray 
program. While the plants were not winter-killed they were 
dormant to the extent that their reaction to the herbicide was 
unsatisfactory. 

In February, as the weather became warmer generally, test 
experiments were made at several points by the aeroplane to 
determine at what stage the hyacinths would react sufficiently 
to the herbicide to justify the cost involved. It was soon learned 
that we must be content in the spring to wait until the hyacinth 
is actively growing before it reacts favorably. 

On March 1, 1947, a six-inch rainfall blanketed the upper 
’Glades, creating floods that delayed the spring program until 
March 21st. Beginning on that date, the aeroplane began the 
spraying of jams in the channel and the boat began the routine 
spraying of the edges of the West Palm Beach Canal. A second 
boat was put in operation equipped with a 12 g.p.m. orchard 
spray pump. Some infiltration of hyacinths from connecting 
ditches and borrow pits occurred during this early flood, but 
to no serious extent. 

The amphibian spray machine was ready for its part of the 
program on May 5, 1947, after being constructed in the shops 
of the Everglades Experiment Station at Belle Glade, with the 
assistance of the Station’s personnel. This contrivance was as¬ 
sembled from a three-quarter ton four wheel drive chassis and 
wheels constructed from 6’-6” diameter pressed steel telephone 
cable reels. The face of the reels was banded with marine ply¬ 
wood to provide flotation for the vehicle within the wheels. 
Flotation being in the wheels, the rig was promptly dubbed 
“Jesus Shoes.’’ A six horsepower air-cooled motor powers the 
vehicle, driving through a 15:1 reduction gear ahead of the 
conventional transmission. The spray equipment comprises a 
12 g.p.m. orchard spray pump powered by an air-cooled motor, 
a 50 gallon supply tank and broom type spray wand. This also 
is a two-man operation piece of equipment. 

In operation, this machine demonstrates its place in the pro¬ 
gram. It travels over jammed hyacinths easily and is reason¬ 
ably dependable. It is adaptable to any problem where aero¬ 
planes cannot spray and the boat cannot navigate. 

By the last of June the District was in flood difficulties. The 
spray program was curtailed; in fact, it was entirely stopped at 
times. Canals were generally out of their banks, making ef¬ 
fective spraying impractical. Most expenditures during July 
were for removing jams of dead hyacinths from each bridge 
location in the interest of better flood discharge. 

The peak of the flood was reached near the middle of October, 
1947, and all spray work was stopped. The Everglades were 
almost entirely under water to a depth of two or three feet and 
a general overland flow to the south and southeast resulted. Hya- 
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cinths from many farm and levee ditches floated with the flood 
crest and drifted with the currents. As most of the arterial 
canals have a roadway on their south or southwest banks, the 
drifting hyacinths collected in the canal channels. Efforts were 
directed toward keeping serious hyacinth jams from forming 
at the numerous bridges and controls in the canals in order that 
the channels could operate as efficiently as possible. The cost of 
this work has been charged against the hyacinth program, but 
it is possbile that the correct charge would have been to flood 
emergency. 

It is impossible to evaluate the benefit of the hyacinth pro¬ 
gram to the Everglades during the 1947 flood. It is a fact that 
the arterial channels were even then considerably more efficient 
at comparable stages within the channel than they were when 
they were blanketed with an extensive hyacinth mat. How the 
hyacinth blanket would have influenced the channel action with 
the banks submerged from two to three feet generally is a de¬ 
batable point. It is certain that a decrease of overland flow 
southward would have resulted if the hyacinths had been avail¬ 
able in sufficient quantities to block the openings in that direc¬ 
tion. Jams at bridges and controls would undoubtedly have 
been a serious threat to canal blockage and a greater danger 
of probable damage to the structures themselves. Without ques¬ 
tion, had the 1947 flood occurred two years earlier, the duration 
of the flood would have been longer and stages generally higher. 

Spraying by boat was again undertaken on November 7th in 
an attempt to keep the natural growth and spread of the hya¬ 
cinths in the canal under control. As the canal banks were still 
flooded this work was not too effective but was continued until 
December 12th when cooler weather produced a mild degree of 
dormancy in the hyacinth plants. 

The spring spraying program for 1948 was begun on Janu¬ 
ary 17th. The winter had been mild and the warm weather in 
January caused the hyacinths to begin to grow. The canals 
were within their banks and the hyacinths once more confined 
to the channel. From a standpoint of progress, the program was 
only slightly advanced from the stage it occupied in the spring 
of 1947. The channels were generally bordered along their 
edges by a fringe of hyacinths and extensive jams were num¬ 
erous, especially at bridge crossings of the channel. However, 
some of these jams were loosely packed and could be traversed 
by boat without too great a difficulty. 

Profiting by the experience obtained in 1947, efforts were 
concentrated on one canal at a time to clear that particular chan¬ 
nel to navigation by spray boat. Three boats were normally 
used but two boats and the “Shoes” sometimes made up the 
spray team. One boat patrolled the channels or parts of channels 
as they were cleaned and in need of patrol sprasdng. At the be¬ 
ginning of the year, the West Palm Beach Canal was the only 
channel navigable by spray boat throughout its length. 
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As each canal was sprayed and the dying hyacinths began 
drifting downstream to collect at bridges and controls, a crew 
of men was used on a full time basis to keep the jams broken 
up and drifting toward the ocean. This operation was costly 
but was justified by the results, for as soon as a channel was 
cleared of jams to permit free passage of the spray boats, the 
main fight was over. 

Cost op the Program To Date 
The following annual and total cost reflects all cost except 
general office supervision. Most overhead costs, as crop liability 
insurance, are included. Many labor items are included that 
possibly are chargeable to flood emergency work, but were too 
involved to separate. 

ANALYSIS OF COST OF HYACINTH PROGRAM BY 
EVERGLADES DRAINAGE DISTRICT 
A—Materials and Equipment 


Year 

2, 4-D Spray No. 2 Diesel Equipment 
Materials Oil and Repairs 

Aeroplane 

Contract 

Experi¬ 

mental 

Work 

Annual 

Total 

1946 $6,217.98 $245.15 $2,553.76 

1947 9,018.76 347.34 2,526.89 

1948 (7 mos.) 4,537.45 21.45 895.40 

$2,495.55 

3,273.15 

241.66 

$428.15 

$11,940.59 

15,166.14 

5,696.96 

Totals $19,774.19 $613.94 $5,976.05 

$6,010.36 

$428.15 

$32,802.69 

Year 

Boat and 
Shoes 
Sprayinff 

B—Labor 

Removing Miscel. 

and Drifting Field Labor on 

Jams Supervision Equipment 

Annual 

Total 

1946 

1947 

1948 

(6 mos.) $ 1,516.00 
3,690.83 
(7 mos.) 4,832.44 

$ 467.00 $ 

1,852.68 
2,874.57 

120.00 

840.00 

1,410.00 

$165.00 

475.00 

$ 2,103.00 
6,549.18 
9,692.01 


Totals $10,039.27 

$5,194.25 $2,370.67 

$640.00 

$18,244.19 

Year 

Materials 

and 

Equipment 

C— Summary 

Labor 


Annual 

Total 

1946 

1947 

1948 

$11,940.59 

15,166.14 

5,695.96 

$ 2,103.00 
6,549.18 
9,592.01 


$14,043.69 

21,716.32 

16,287.97 


Totals $32,802.69 $18,244.19 $51,046.88 


For the amount expended the following channels have been 
cleared and are on a patrol program basis: 


Canal 

Width 
in Feet 

Length 
in Miles 

Remarks 

West Palm Beach 

65-110 

40 

Original Program 

Hillsboro 



Original Program 

North New River 

ti 

59 

Original Program 

Cross Canal 

36-60 

13 

Original Program 

South New River 


7 

Expanded Program 

Dania Cutoff 


4 

Expanded Program 

Big Mound 

35-60 

4 

Expanded Program 


Total 


177 Miles 
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In addition, 16 miles of the Bolles Canal and 8 miles of the 
upper Miami Canal are partially cleared. Work now being done 
to place these canals on a patrol basis should be completed this 
year. 

THE DISTRICTS FUTURE HYACINTH PROGRAM 

It is the objective of the Board of Commissioners of Ever¬ 
glades Drainage District to extend the hyacinth eradication pro¬ 
gram as funds become available until the entire canal system 
of the District has been cleared. Constant patrol work is neces¬ 
sary if the channels are to remain cleared and plans are in pro¬ 
cess for the accomplishment of that part of the program as eco¬ 
nomically as possible. The cost of the patrol work is estimated 
to cost less annually than the $9,000. spent on hyacinth work in 
1945—the last full year before spraying began. As more ditches 
and canals connecting with the arterial system are cleaned, out¬ 
side infestation to the District’s canal should lessen and the cost 
of patrol operation decrease. 

A new type of spray boat is now being constructed for patrol 
work. The hull is of light framework covered with marine ply¬ 
wood. It will be powered with a 5 horsepower outboard motor. 
The spray equipment will be a low pressure, low volume type 
using a small gear pump and small air-cooled motor. The type 
of boom or wand must still be determined by trial and error, 
but will probably be a wand about nine feet in length with selec¬ 
tive nozzles. This equipment will be one-man operated and it is 
proposed to work the boats in pairs to reduce cross-drift of hya¬ 
cinths by wind during the spraying period. 

WORK BY OTHER AGENCIES AND INDIVIDUALS 

Throughout the Everglades numerous sub-districts and indi¬ 
viduals have initiated spray projects on a smaller scale in the 
secondary canal system. Each undertaking encountered its own 
problems, but results have been generally satisfactory. All types 
of spraying equipment are being used, including the aeroplane 
and the boat. Much of the work in the smaller channels has been 
accomplished by land equipment spraying from the banks. Good 
work has been accomplished, but the need of periodic mainte¬ 
nance spraying to keep the channels clean has not been recog¬ 
nized in many instances. 

Dade County has aided the Everglades Drainage District 
by including in their spray project 40 miles of the District’s 
secondary canal system. In addition, 16 miles of coastal canals 
and ditches have been sprayed. In its work, this county utilized 
an army “duck” to some extent for a part of the work, but are 
now using a boat as the vehicle. 

CONCLUSION 

The District’s program is visible evidence of the feasibility 
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of clearing channels and controlling water hyacinths by spraying 
with 2, 4-D. 

The cost to the District has been greater than originally es¬ 
timated for three reasons: 

1. The experimental nature of the project. 

2. Inability to forsee the problems that would be caused by 
jams at bridges and other channel obstructions, prevent¬ 
ing early clean-up of the edges by boat spraying. 

3. Delay and infestation caused by the 1947 flood. 

It is evident that diligent patrol of a channel is necessary 
to maintain the channel in a clean condition. This patrol should 
be at intervals that prevents the maturity of a new seed crop. 
It is also evident that regrowth from rhizomes is almost absent 
in the young plant after it is sprayed, which is contrary to the 
reaction in old, vigorous plants. 

It is evident that legislation will be required to protect chan¬ 
nels that are being patrolled from deliberate contamination from 
connecting streams and lakes. 

Research developing a chemical formulation that would 
speed the rotting and disintegration of the dead hyacinths would 
hasten the opportunity for boat clean-up and be helpful in any 
program. In the Everglades, a spray formulation that would kill 
and control Para grass would permit further clean-up of chan¬ 
nels and farm ditches to the benefit of the whole program. This 
is also true of several aquatics that are a part of South Florida’s 
problem. 

Expansion of any hyacinth eradication program to embrace 
an entire watershed area would be the economical way to com¬ 
bat hyacinths from the long-range viewpoint. The experience 
gained by the District’s project indicates that regrowth lessens 
with systematic patrol and it is believed that complete eradi¬ 
cation is not an impossibility within a complete waterway 
system. 


BOARD OF COMMISSIONERS 
EVERGLADES DRAINAGE DISTRICT 


Release authorized by 
Board of Commissioners 
August 6, 1948 
Prepared by: 

Lamar Johnson, 
Engineer. 




THE SOIL SCIENCE SOCIETY 
OF FLORIDA 


PROCEEDINGS 
VOLUME X 
1950 


Tenth Annual Meeting of the Society 
Winter Haven 
June 21, 22 and 23,1950 


OFFK'ERS o/THE SOCIETY 
1951 

Richard A. Carrigan President 

1. W. Wander Vice President 

W. T. Forsbe, Jr. Member Executive Committee 

R. V. Allison ‘Secretary-Treasurer 


Retnmg Officeis listed on page 2b9 




ACKNOWLEDGMENTS 


The Executive Committee, in behalf of the entire membership of the 
Society, wishes to express its sincere thanks to Commissioner Mayo and 
his Associates for the g:encrous use of the Florida Citrus Building at Winter 
Haven and to Mr. Frank L. Holland, Manager, Florida Agi-icultural In¬ 
stitute, for his good help in so many ways in making local arrangements. 

They also desire to express the good fortune they feel in having such 
distinguished workers from out of State present and take most valuable 
parts on the program as: Dr. I. J. Cunningham (New Zealand), Prof. A. L. 
Lang (Illinois); Drs. W. L. Nelson and Wreal L. Lott (North Carolina); 
Dr. Vincent Sauchelli (Maryland); Dr. Robert E. Lucas (Indiana); Dr. 
E. R. Purvis (New Jersey); Dr. James A. Naftel, (Alabama) and Major 
W. 0. Robinson, Washington, D. C. (U.S.D.A.). They do have our very 
best thanks. 

We feel no less gratitude, assuredly, to those workers in other countries 
who, though they could not be present at the meeting, went to great pains 
in preparing excellent manuscripts on the subject assigned in the effort 
at a broad review of trace element work in its relation to plant and animal 
health and growth on a world wide scale. These include Dr. Katherine 
Warington, Rothamsted Experimental Station (England) ; Dr. E. G. 
Mulder (Holland); Drs. H. G. Green and Ruth Alcroft, Veterinary Labora¬ 
tory, Weymouth (England) and Mr. D. S. Riceman (Australia). 

Finally, we are most particularly indebted to Dr. Edward M. Redding. 
Director (f Research at the Charles F. Kettering Foundation, Dayton, 
Ohio for his splendid after dinner address. This gave us a most extraordi¬ 
nary insight into the vast role that chlorophyll plays in the development and 
maintenance of life on the earth in which it serves as an amazing link 
of great power and vast mystery between the Sun and the Soil. 
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ta Rica 
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Andrews, Charles 0., Jr., Orlando, 
Fla. 

Aliens, Mando S., Brillion, Wis. 

Arthur, A. F., Goulds, Fla. 

Babcock, Vose, Coral Gables, Fla. 

Bailey, C. A., Belle Glade, Fla. 

Ball, James A., Jr., Belle Glade, Fla, 

Bessemer Propei*ties, Inc., Miami, 
Fla. 

Blown, Harry C., Clermont, Fla, 

Cabassa, Jacob L., Miami, Fla. 

Calumet & Hecla Consolidated Cop¬ 
per Co., Calumet, Mich. 
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New York, N. Y. 

Circle F. Ranch, Miami, Fla. 

Conkling, W. Donald, Mt. Dora, Fla. 
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Dodson, C. H., Miami, Fla. 
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Du Pont de Nemours & Co., Inc., E. 
I., Wilmington, Del. 

DuPuis, Dr. J. G., Sr., Miami, Fla. 

Evans, Mershon, Sawyer, Johnston 
and Simmons, Miami, Fla. 

Everglades Drainage District, West 
Palm Beach, Fla. 

Falla, Alejandro Suero, Havana, 
Cuba 
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Florida Power and Light Company, 
Miami, Fla. 
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Fla. 
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Klee, W. H., Jacksonville, Fla. 

Knight, T. W., Belle Glade, Fla. 

Lindo, Hon. Roy D., 32-34 Port Royal 
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Lord, W. C., Belle Glade, Fla. 
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Fla. 

McGown, B. A., Orlando, Fla. 

Meyer, Byron F., Miami, Fla. 
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Fla. 
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tion, New York, N. Y. 

Montgomery, T. C., Arcadia, Fla. 

Mon-ell, Albert, Orlando, Fla. 

Neiman, Han-y, New York, N. Y. 

Newport Industries, Inc., West Palm 
Beach, Fla, 

Niagara Sprayer and Chemical Com¬ 
pany, Inc., Middlepox-t, N. Y. 

Norris Cattle Company, Ocala, Fla. 

O’Kelley, E. B., Jacksonville, Fla. 

Palm Beach County Resources De¬ 
velopment Board, West Palm 
Beach, Fla. 

Pelagallo, A. C., Manila, Philippines 

Peters, Frederick C. (Farsouth 
Growers Coop. Assoc.), Miami 
Beach, Fla. 

Phelph-Dodge Refining Corporation, 
New York, N. Y. 

Pimie, Malcolm, New York, N, Y, 

Preston, Hayden, Tampa, Fla. 


Ralston Purina Company, Jackson¬ 
ville, Fla. 

Rolston, W. A., Houma, La, 

Royal’s, Inc., Belle Glade, Fla. 

Russell, Robert P., New York, N. Y. 

Schweitzer, Peter J., Inc., New York, 
N. Y. 

Scott, Ed, Everglades, Fla. 

Serrales Everglades Farms, Inc., 
Miami, Fla. 

Sexton, W. E., Vero Beach, Fla. 

Sloan, G. D., Tampa, Fla. 

Smith, Harry M., Winter Garden, 
Fla. 

Southern Dairies, Jacksonville, Fla. 

Southern States Land & Timber Co., 
West Palm Beach, Fla. 

State Department of Agriculture, 
Tallahassee, Fla. 

Superior Phosphate Company, Dun- 
nellon, Fla. 

Swift & Company, Winter Haven, 
Fla. 

Telfair Stockton and Company, 
Jacksonville, Fla. 

Tennessee Corporation, Atlanta, Ga. 

Thomas, Wayne, Plant City, Fla. 

Thompson, Paul, Belle Glade, Fla. 

Tiedtke, John, Clewiston, Fla. 

Tower, J. B., Homestead, Fla. 

Ti-ueman Fertilizer Company, 
Jacksonville, Fla. 

Trumbull Construction Company, 
Pittsburgh, Pa. 

U. S. Phosphoric Products, Tampa, 
Fla. 

U. S. Sugar Corporation, Clewiston, 
Fla. 

Waring, W. L., Tampa, Fla. 

Washington Technical Sei-vices, 
Washington, D. C. 

Weiss, M. M., Miami, Fla. 

Weston, J. W., Ft. Lauderdale, Fla. 

White Belt Dairy, Miami, Fla. 

Wilson & Toomer Fei-tilizer Com¬ 
pany, Jacksonville, Fla. 

Woods, F. J. and L. P., Tampa, Fla. 

Wray, Floyd L., Ft. Lauderdale, Fla. 

Zipperer, J. 0., Ft. Myers, Fla. 
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NIGHT TRIP TO PHOSPHATE OPERATIONS 

On the evening of June 21 a considerable number of members who had 
registered for the meetings went for a night tour of several of the local 
phosphate plants in the immediate neighborhood of Mulberry. 

This trip was arranged for by Mr. Prank Holland, Manager, Florida 
Agricultural Research Institute and Mr. Vincent Souchelli, Director of 
Research, Davidson Chemical Company of Baltimore and Mulberry. 

The cordial cooperation of the management of the several mills was 
greatly appreciated and exceedingly helpful in giving those on the tour 
a really good view of the colossal scale upon which these phosphate opera¬ 
tions are conducted in Florida, 


DEDICATION OF PROCEEDINGS VOLUME X 


In the course of developing the program covered by Volume X an earnest 
effort was made to bring together in summary form the outstanding results 
that have been accomplished during the past quarter century through the 
use of certain of the so-called trace or minor elements in the improvement 
of health and growth in both plants and animals. The important relation¬ 
ship of human health to these factors was not included in this program as 
it was in the first symposium in 1940 (Proc, Vol. II) since this would have 
made it much too ponderous for the time allotted. Perhaps this can be the 
subject of a further and separate review in the near future. 

In any event the Executive Committee of the Society is pleased with the 
results of its efforts and proud of the many excellent contributions from 
all parts of the United States and many parts of the world that are in¬ 
cluded in this report. The members of the Committee are no less proud of 
this opportunity to dedicate this volume to the fine group of workers who 
have so graciously accepted Honorary Life Membership in the Society on 
the occasion of this, its Tenth Annual Meeting. Each and every one of these 
men have made notable contributions to soil or plant science or to some 
phase of animal health as related thereto. No welcome could be more hearty 
or sincere than that which we now extend to them as full-fledged members 
of our group. 


Dr. Selman A. Waksman, New 
Bmnswick, N. J. 

Dr. Charles F. Kettering, Dayton, 0. 

Sir John Russell, Campsfield Wood, 
England 

Dr. M. F. Miller, Columbia, Mo, 

Dr. F. J. Alway, St. Paul, Minn. 


Dr. S. N. Winogradsky, Pasteur 
Institute, France 

Dr. Oswald Schreiner, Chevy Chase, 
Md. 

Dr. W. P. Kelley, Berkley, Calif. 

Dr. D. J. Hissink, Bussum, Holland 
Dr. Charles E. Millar, East Lansing, 
Michigan 


Dr. John G. DuPuis, M.D., Our Country Doctor, Miami, Florida 
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SELMAN A. WAKSMAN 


SELMAN A. WAKSMAN 

Dr. Waksman was born July 2, 1888, in Priluka, a small town in the 
Ukraine, Russia. His parents were Jacob and Fradia (London) Waksman. 
He received his early education from private tutors. After graduating 
in 1910 from the Fifth Gymnasium in Odessa, he left for the United States. 
He entered the College of Agriculture of Rutgers University in 1911 
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and received his bachelor of science in 1916. He became a naturalized citizen 
the same year. He then was appointed research assistant in soil micro¬ 
biology under Dr. J. G. Lipman at the New Jersey Agricultural Experi¬ 
ment Station, and later Research Fellow at the University of California. 
He obtained a master of science degree from Rutgers University in 1916 
and a,doctor of philosophy degree from the University of California in 
1918, majoring under Prof. H. Biailsford Robertson in Biochemistry. 

He received an appointment the same year as miciobiologist at the New 
Jersey Agidcultural Experiment Station at New Brunswick, New Jersey, 
and lecturer in soil microbiology at Rutgers University. He became as¬ 
sociate professor in 1925, and in 1930 was made professor. He now heads 
the Microbiology Department, College of Agriculture and Experiment 
Station, Rutgers University and has recently been made Director of the 
New Institute of Microbiology. 

In 1931, he was invited to organize a division of maiine bacteriology 
at the newly established Woods Hole Oceanographic Institution and was 
appointed marine bacteriologist of that institution, of which he was later 
made a trustee. 

He is a member, honorary member, or fellow of a number of scientific 
societies in this country and abroad (Germany, India, Russia, Sweden, 
Mexico, France, Brazil, Spain). Among the American Societies to which 
he belongrs are the Society of American Bacteriologists, of which he is a 
former president, the National Academy of Sciences, and the Soil Science 
Society of Florida of which he is a Charter member. He won the Nitrate 
of Soda Nitrogen Research Award in 1929, was president of Commission 
III on Soil Microbiology of the International Society of Soil Science (1927- 
1935), and was elected as corresponding member of the French Academy 
of Sciences in 1937. He is also a member of Phi Beta Kappa and of Sigma 
Xi being President of the Rutgers Chapter of the latter organization. 

In the summers of 1946 and 1947, Dr. Waksman lectured before scien¬ 
tific gi-oups in Europe and was given an honorary degree of doctor of 
medicine by the University of Liege in Belgium. He holds also honorary 
degrees of doctor of science, awarded to him by Rutgers in 1942, by Prince¬ 
ton University in 1947, and University of Madrid in 1950; also an honorary 
degree of doctor of laws from Yeshiva University, New York, in 1948, 

Dr. Waksman's work in his field has been lecognized by numerous 
scientific and other societies in recent years. He received the Passano 
Foundation Award in 1947; the Emil Christian Hansen medal and 
award from the Carlsberg Laboratories in Denmark the same year; the 
New Jersey Agricultural Society medal; the Albert and Mary Lasker 
Award by the American Public Health Association, and the Amory Award 
by the American Academy of Arts & Sciences, all in 1948, and many others. 

He has published more than 300 scientific papers, and has written, alone 
or with others, eight books. Among these are “Enzymes,*' 1926; “Principles 
of Soil Microbiology,” 1927, 1932; “The Soil and the Microbe,” 1932; “Hu¬ 
mus,” 1936,1938; “Microbial Antagonisms and Antibiotic Substances," 1946, 
1947, and “The Literature on Streptomycin, 1944-1948,” 1948; “Actino- 
mycetes,” 1950. Another work, edited by Dr. Waksman, is “Streptomycin 
—Nature and Practical Applications.” 
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CHARLES FRANKLIN KETTERING 


CHARLES FRANKLIN KETTERING 

Charles Franklin Kettering, Vice-President and Research Consultant 
of General Motors Corporation, was born on a farm near Loudonville, Ohio, 
August 29, 1876. He was educated in the county district school, Wooster 
College, and Ohio State University, graduating in 1904 with the degree 
EE in ME. He was elected to the honorary fraternities Sigma Xi and Tau 
Beta Pi. 

Following his collegiate work. Dr. Kettering became designer and in- 
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ventor for the National Cash Register Company, remaining with that or¬ 
ganization for five years. He was inventor of the electric cash register, 
the telephonic credit system, and numerous improvements in accounting 
and calculating machinery. 

In 1909, he became associated with Edward A. Deeds in the organiza¬ 
tion of the Dayton Engineering Laboratories Company (Delco) for the 
purpose of developing electrical starting, lighting, and ignition apparatus 
which he had invented. His invention of the Delco-Light farm electri¬ 
fication system was also completed during this period. 

In 1916, he established a private research laboratory which was taken 
over in 1920 by General Motors and in 1925 moved to Detroit as the Re¬ 
search Laboratories Division of General Motors Corporation. The latter 
organization, operating under Dr. Kettering's supervision, has been re¬ 
sponsible for a large number of important contributions to automotive 
transportation, including Ethyl gasoline, Duco lacquer, crankcase venti¬ 
lation, and others. 

Another of Dr. Kettering's developments was the two-cycle Diesel en¬ 
gine which has found wide application in the railway and industrial fields. 
His most recent work has been concerned with high-compression engines 
for automobiles. In June, 1947, he announced the development of a gaso¬ 
line engine of 12.5 to 1 compression ratio, giving 35 to 40 per cent better 
fuel economy than conventional engines. He is the recipient of 174 patents 
on automotive and related inventions. 

Dr. Kettering's widespread interests have led him into many other 
technical fields. He is the inventor of a fever machine which has proved 
effective in the treatment of several heretofore incurable diseases. 

For most of his life. Dr. Ketteidng has been actively interested in 
photosjoithesis and the problems related to improvement of soils and agid- 
culture in general. In 1929, he established the Charles P. Kettering Foun¬ 
dation which has carried on research in photosynthesis, cancer, and ve¬ 
nereal disease treatment. He has actively supported Soil Conservation 
and Soil Research, particularly in the field of the use of trace elements. 

In addition to his association with General Motors, Dr. Kettering is a 
Director of the National Cash Register Company, the Flexible Company, 
and the Mead Corporation. He is Chairman of the Winteis National Bank 
& Trust Company. During World War II, he was Chairman of the National 
Inventors Council and the National Patent Planning Commission. He is 
a Trustee of Ohio State University. 

Noteworthy among the honors that have come to him are the Sullivant 
Medal, the John Scott Memorial Award, the Franklin Gold Medal, the 
Gold Key of the American Congress of Physical Therapy, the Honor 
Medal Award of the A.S.M.E., and the John Fritz Medal Award. He is 
the recipient of honorary degrees from 21 different universities and is an 
honorary fellow of the National Academy of Sciences. He is Past-President 
of the American Association for the Advancement of Science and the 
Society of Automotive Engineers. 

While Dr. Kettering's accomplishments in various fields of science and 
research have won him many honors and degrees, he esteems most highly 
the tag which his fellow workers hung on him years ago and which 
has clung to him ever since—^**Boss Ket.” 
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EDWARD JOHN RUSSELL 

(England) 

Sir John Russell was born in 1872. He was trained at the Universities 
of Wales and Manchester, where his chief interest was in Chemistry. His 
first scientific appointment, in 1897, was as lecturer in Chemistry at Man¬ 
chester. In 1901 he moved to the Agricultural College, Wye, as head of 
the Chemical Department. In 1907 he was appointed Soil Chemist at 
Rothamsted Experimental Station, and five years later, on the resignation 
of Sir Daniel Hall, he became Director, a post which he held until his 
retirement in 1943, soon after the Station celebrated its centenary. 

His research work has been mainly concerned with soil fertility, at 
first on the miciobiological aspects of the subject and later on the effect 
of fertilizers on yield, composition and quality of crops. 

Of his many publications, the most widely known is his textbook “Soil 
Conditions and Plant Growth,” which has passed through seven editions 
and has been translated into many languages. 

He was elected a Fellow of the Royal Society in 1917, and is an honorary 
member of many foreign learned societies. In recognition of his services 
in the food production campaign during the 1914-18 war he received 
the Order of the British Empire in 1918, and was knighted in 1922. He has 
been President of the International Society of Soil Science, and in 1949 
was President of the British Association for the Advancement of Science, 
the first agricultural scientist to be so honoured. 

Sir John has travelled widely, especially in the countries of the British 
Empire, and has an extensive first-hand knowledge of the problems of 
crop production in many parts of the world. Since his retirement, he has 
continued his writing and traveling, though this was interrupted by a 
serious illness in 1944 from which he has happily made a remarkable re¬ 
covery. His present interest is mainly in the problem of providing an 
adequate world food supply. As his Presidential Address to the British 
Association shows, he takes an optimistic view of this, and is confident 
that scientific research, if properly applied, can find a solution. 
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MERRITT FINLEY MILLER 
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MERRITT FINLEY MILLER 


Dr. Miller was born in Grove City, Ohio, on July 7, 1875 where he was 
reared on a farm. His parents were E. Ed and Elizabeth (Demorest) Mil¬ 
ler. He received his early education in a typical one-room country school 
of that time, and later did preparatory work at Ohio Wesleyan University. 

In 1900 Dr. Miller completed his B.S.A. degree at Ohio State University, 
and in 1901 took his M.S.A. degree at Cornell. He studied abroad in 
Europe at two different times, 1910-1911 at the University of Gottingen, 
and 1933-1934 at the University of Munich. He received the honorary de¬ 
gree of Doctor of Agriculture from Kansas State College in 1938. 

During 1901-1902 Dr. Miller served as Assistant in the Federal Soil 
Survey, and in December 1902 he married Alice G. Thompson. Many years 
later, December 1914, he married Grace Ernst. To these unions were 
born three sons and one daughter, Edward Ernst, Elizabeth Marie, Robert 
Demorest and Daniel Weber. 

Dr. Miller served as Instructor in Agronomy at Ohio State University 
in 1902-1903, and as Professor of Agronomy at the University of Missouri 
from 1904 to 1914. From 1914 to 1938 he was Professor of Soils and Chair¬ 
man of the Department of Soils, and simultaneously served as Assistant 
Dean of the College of Agriculture from 1929 to 1938. In 1938 he was 
made Dean of the College of Agriculture at the University of Missouri, 
in which position he served in a most distinguished manner until his re¬ 
tirement in 1946. He then became Dean Emeritus of the College, Director 
Emeritus of the Experiment Station and Professor Emeritus of Soils, in 
which capacities he has continued his interest in the work of the Insti¬ 
tution in a most active way. This has expressed itself in a most permanent 
and beneficial way by the frequent scientific papers and bulletins which 
he has published and is publishing during this period. 

Dean Miller's principal interests have been in the field of soil fertility 
and erosion; field classification of soils, and factors affecting the nitrogen 
and carbon levels in soils. His contributions in his chosen field have been 
numerous and important, perhaps none moreso, however, than those to 
the state and national program of soil conservation that has made so much 
progress during the past quarter century. 

Professor Miller is a member of many active and honorary societies and 
organizations, including: Alpha Zeta; Gamma Sigma Delta; Sigma Xi; 
American Society of Agronomy (President 1923); Soil Science Society of 
America; International Society of Soil Science; and the American Asso¬ 
ciation for the Advancement of Science (Chairman, Section 0). 
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FREDERICK JAMES ALWAY 


Dr. Alway was born May 28, 1874 in Waterford, Ontario, and received 
his eaily tiaining in Canadian schools. In 1894 he received his B.A. degree 
from the University of Toronto, and in 1897 his Ph.D. degree from the 
University of Heidelberg. 

Fiom 1898 to 1906 Dr. Alway was professor of Chemistry at Nebraska 
Wesleyan University, during which period he was particularly interested 
in leseaich on the reduction of nitro compounds; hydioxylamino—and 
nitroso compounds and in the soils of the Noithern Steppes. From 1906 
to 1913 he was Piofessoi of Agricultural Chemistry at the University of 
Nebraska, during which peiiod his research interests were largely in the 
bleaching of flour; piaiiie soils; soil humus; soil moisture; and dry 
farming. 

Prom 1913 to 1942 Dr. Alway was Professor of Soil Chemistry and 
Chief of the Division of Soils in the Agricultural Experiment Station at 
the University of Minnesota. During this period his research interest was 
largely in glacial, peat and sandy soils; phosphates; the soil requirements 
of alfalfa; forest soil characteristics and the contributions of sulfur to 
the soil from the air. In this latter work. Dr. Alway did much in recreating 
scientific interest in sulfur as an essential element in plant gi*owth when 
he referred to it in one of his national lectures as “the forgotten element” 
and, thus, gave much impetus to its further study. 

Dr. Alway was a member of the Fertilizer Sub-Committee of the Na¬ 
tional Research Council; the A.A.P.; the American Chemical Society; 
American Soil Suivey Association (President 1923); American Association 
for the Advancement of Science; American Society of Agronomy (Presi¬ 
dent 1940); Swedish Peat Society. 

At the time of his retirement from active duty in 1942 Dr. Alway was 
appointed Professor Emeritus of Soil Chemistry and has continued his 
residence in St. Paul at 1386 Grantham Street since that time. 
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SERGEI NIKOLAEVITCH WINOGRADSKY 

(France) 

Dr. Winogradsky was born on September 1, 1856, in the city of Kiev, 
heart of the Ukraine region, Russia. 

It will not be possible, of course, to review in detail Dr. Winogradsky’s 
training, his difficult experiences due to his several moves to foreign coun¬ 
tries on three different occasions (Germany, Switzerland, France) due to 
war, or for other disturbing reasons, and his remarkable life achievements 
even under these difficult conditions. His mature life, however, according 
to a remarkably complete and carefully written biographical sketch pre- 
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pared by Dr. S. A. Waksman on the occasion of Dr. Winogradsky^s nine¬ 
tieth birthday, and published in Soil Science Volume 62, pp. 197-226, 1946, 
might well be divided into 7 important periods, as follows: 

1. The first Sf, Petersburg paiod (1881-1884), when his interest in 
science matured. Though this may be considered as still a period of inten¬ 
sive training, Winogradsky began and completed his first scientific problem, 
which proved to be highly successful (work with wine yeast, Mycoderma 
vini Desm). During this period, he worked in the laboratory of plant 
physiology of the university. 

2. The Strassburg period (1885-1888). Here he carried out his first 
investigations on the autotrophic bacteria. The problems dealing with the 
sulfur and iron bacteria were begun and completed at the botanical labora¬ 
tory of the university under deBary. 

3. The Zurich period (1888-1891). The study of the organisms con¬ 
cerned in the process of nitrification was begun and nearly completed at 
the agricultural faculty of the polytechnicum and at the hygienic labora¬ 
tory of the university. 

4. The second St. Petersburg period (1891-1905). This began with re¬ 
search activities and ended in administration work, the latter being largely 
responsible for his subsequent temporary retirement from both. The most 
important research problems dating to this period concerned the fixation 
of atmospheric nitrogen and the retting of flax. This work was done at 
the Institute of Experimental Medicine. 

5. The period of transition and rest (1905-1922). These 17 years were 
spent by Winogradsky on his estates in the Ukraine, away from scientific 
work. As a result of political upheaval following the World War and the 
revolution, he was eventually forced to leave his native country forever. 
After a few months spent in Jugoslavia, he finally arrived at the Pasteur 
Institute in France. 

6. The active Brie-Comte-Robert po'iod (1922-1940), which signalized 
a return to scientific work. The problems considered were largely connec¬ 
ted with the broad aspects of soil microbiology. This work was done in the 
Division of Agricultural Microbiology of the Pasteur Institute. 

7. The period of forced retirement (1940- . ), following the invasion 

of France. 

The name of Winogradsky has assumed a permanent place in bacter¬ 
iology through the profound influence of his investigations upon the sub¬ 
sequent development of many important branches of the science. As a 
result of the brilliant and epoch-making investigations of Louis Pasteur, 
Ferdinand Cohn, and Robert Koch, bacteriology developed rapidly from 
a mere biological curiosity into a science of great practical importance, 
with numerous ramifications, stretching into the domains of medicine, agri¬ 
culture, industry and certain arts. 

Dr. Winogradsky is still living at Brie-Comte-Robert near Paris at 
the age of 94. Under date of 1949 there appeared a large book entitled 
“Microbiology of the Soil” (MICROBIOLOGIE DU SOL) containing 861 
pages which gives a very good idea of the remarkable life he has lived, 
filled with accomplishments, many of them developed under very great 
difficulties but, above all, a life that has been replete with devotion to his 
science. 
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WALTER PEARSON KELLEY 
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WALTER PEARSON KELLEY 


Dr. Kelley was born Febiuaiy 19, 1878 in Fianklin, Kentucky. He 
received his B.S. degree from the University of Kentucky in 1904; his 
M.S. from Purdue Univeisity in 1907; and his Ph.D. in 1912 from the 
Univeisity of California, which University, in June of 1950, also awaided 
him the honoiary degree of LLD. 

Prom 1905 to 1908 Dr. Kelley was Assistant Chemist at the Purdue 
Experiment Station, and Chemist at the Hawaiian Experiment Station 
fiom 1908 to 1914. He then became Agricultural Chemist at the Citrus 
Experiment Station, Riverside, California. In 1939 he went to Berkeley 
as Soil Chemist and Head of the Division of Soils in the University, in 
which position he continued until his retirement in 1948. 

Dr. Kelley’s principal interest in research has centered around nitrogen 
utilization by rice; effect of heat on soils; composition of Hawaiian soils; 
forms of nitrogen in soils; nitrification; effect of boron on citrus and 
walnut trees; cation exchange; alkali soils; crystallinity of soil colloids; 
crystal structure in relation to base exchange; clay minerals of soils; 
and the interrelationships of soil science and geology. 

According to one of his close associates, “Dr. Kelley’s contribution to 
our fundamental knowledge of soil chemistry has been extremely impor¬ 
tant, In 1931, with W. H. Dore and S. M. Brown, he was able to show 
from X-ray diffraction studies that soil colloids are crystalline and not 
amorphous as was thought until that time. This discovery gave great 
impetus to the study of clay chemistry and as a result of this many of the 
soil minerals have been separated out and their chemistry studied. Much 
of this latter work has been carried out by Dr. Kelley and is described in 
a long series of papers in the journals of soil science and mineralogy. 
The work is also leported by him in an American Chemical Society Mono¬ 
graph on Base Exchange.” 

Dr. Kelley also has achieved an international reputation for his work 
on alkali soils. This work was begun in 1920 and has been reported in some 
twenty odd papers, and also in a monograph on alkali soils, which he has 
just completed. In these lesearches, reclamation methods were developed 
which are now being employed throughout the world in connection with 
this serious problem of irrigated agriculture. 

Among his many affiliations with scientific and other organizations are 
included American Association for the Advancement of Science; American 
Chemical Society; Fellow of American Society of Agronomy (President 
1930); Soil Science Society of America; International Society of Soil 
Science; Geophysical Union and Western Society of Soil Science. 
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OSWALD SCHREINER 

Dr. Schreiner was Chief of Soil Fertility Investigations in the U.S. 
Department of Agriculture for more than 40 years. He is now retired but 
still connected with the department as collaborator. 

The research work on the fundamental principles of soil fertility, es¬ 
pecially those relating to the chemistry and biochemistry of soil organic 
matter or humus and to its functions in promoting or hindering plant 
development, won for Dr. Schreiner a prominent place of leadership 
among soil scientists and agronomists at home and abroad. To the labora¬ 
tory under his direction belongs the credit for the chemical discovery, 
physical separation and plant physiological study of over fifty new soil 
compounds, which has materially altered the fundamental conception of 
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soil humus and its formation and transformation by plants and microorgan¬ 
isms and its effects and functions in crop production. He is the inventor 
of the Schreiner colorimeter and designer of colorimetric methods, which, 
on account of their great applicability to various lines of soil and plant 
research have been widely used for the determination of small quantities 
of plant nutrients in chemical laboratories in this country and abroad, as 
was also his triangle system for studying and determining fertilizer re¬ 
quirements of soils and crops under field conditions. 

He made a special study of soil fertility and its maintenance, causes 
of unproductive soils, transformation of humus by biochemical factors, 
origin of organic constituents in soils and means for the improvement of 
unproductive soils by fertilizers, manures, crop rotations and the use of 
special chemicals including some of the minor elements. This field work 
included the establishment of more than twenty field stations along the 
Atlantic seaboard from Maine to Florida and in a number of western states, 
with fertilizer tests made with potatoes, cotton, celery, lettuce, sorghum, 
sugar beets, sugar cane, corn, clover, pecans, citrus fruits and many other 
crops. 

Dr. Schreiner won a national reputation by his many lectures at agri¬ 
cultural colleges and before farmers’ institutes and clubs and scientific 
societies. Many honors have been awarded him for his chemical and agri¬ 
cultural researches, three medals for proficiency in chemistry and other 
sciences while attending the University of Maryland, and while attending 
the University of Wisconsin he was elected to the honorary society of 
Phi Beta Kappa and Sigma Xi and was awarded the Ebert prize for his re¬ 
searches on the chemistry of the volatile oil hydrocarbons. The Franklin 
Institute awarded him its Longstoreth medal of merit ‘‘for important 
researches in agidcultural chemistry.” 

As Chairman of the Organizing Committee he contributed greatly to 
the success of the International Soil Science Congress in Washington in 
1929. He was elected Fellow in the American Association for the Advance¬ 
ment of Science and the American Society of Agronomy and is a member of 
the American Chemical Society, the American Society of Biological Chem¬ 
ists, Washington Academy of Sciences, Botanical Society of America, In¬ 
ternational Society of Soil Science, International Society of Sugar Cane 
Technologists, the Cosmos Club, and the Association of Official Agricultural 
Chemists of which he is a past president and many other societies. 

Dr. Schreiner’s work on soils and fertilizers has received national and 
international recognition. In this connection he has traveled extensively 
throughout the United States and many foreign countries, including Eng¬ 
land, Scotland and Wales, Germany, France, Holland and Belgium, Japan, 
China, Philippines, Malay States, Sumatra, Java, Bali, as well as Cuba, 
Puerto Rica and Hawaii. He investigated the potash hunger diseases of 
potatoes and cotton and first described the characteristic foliage symptoms 
and reactions during the first World War, which work later developed into 
that long series of soil and fertilizer studies known as the “hunger symp¬ 
toms of crops” and led to the many plant and soil test methods for the 
determination of plant nutrient deficiencies and fertilizer requirements of 
crops. 
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DAVID JACOBUS HISSINK 
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DAVID JACOBUS HISSINK 

(Holland) 

Dr. Hissink was born October 22, 1874 in Kampen, Holland. He was 
trained in the local schools and in the “Gymnasium” until 1893 when he 
entered the University of Amsterdam, where he continued his studies until 
1899, when he received his doctor’s degree. The years 1900 to 1903 were 
spent in the Dutch East Indies. 

In March of 1903, Dr. Hissink went to the Agricultural Experiment 
Station at Goes, and in 1904 became the Director of that Station in which 
capacity he continued until 1907. From April of 1907 to May of 1916 he 
served as Director of the Agricultural Expeiiment Station at Wagen- 
ingen. Prom May of 1916 to May of 1926 he served as Director of the 
Soil Science Division of the Agricultural Experiment Station in Groningen, 
and in May of 1926 he became Director of the Soil Science Institute in 
that same city, in which capacity he seived until his retirement in 1939 at 
the age of 66. 

Although an extremely energetic and effective worker in the Inter¬ 
national Society of Soil Science and many other public service organi¬ 
zations, Dr. Hissink found time for a very considerable amount of writing, 
in addition to the extensive administrative duties to which his position 
obligated him all the way along. His list of publications in Dutch and 
other journals is very impressive, numbering nearly 350 on a wide variety 
of subjects largely relating to soil science. 

Doubtless the work for which Dr. Hissink is best known, and for 
which he will be long remembered in a personal as well as professional 
way, is his development and application of the principal of base exchange. 
His most important application of this principal was in the removal of 
the salt from the heavy clay soils formerly occupied by the sea in the 
extensive reclamation areas for which Holland is famous. What Dr. His¬ 
sink did, in its simplest terms, was to convert the highly plastic, imper¬ 
vious sodium clays, practically unleachable in their natural state, to 
comparatively peiwious, leachable calcium clays through the use of gypsum. 

“Basenaustausch” is the term in German and Dutch literature for 
which Dr. Hissing is probably more responsible than any other one man, 
at least insofar as it relates to soil science and finds both practical and 
scientific applications, therein. 

Dr. Hissink is a member of many National and International societies 
and has received many honors from foreign governments and more than 
once from the Dutch Government, the last being a Knighthood bestowed at 
the time of his retirement in 1939. He continues in a quiet life at s’Jacob- 
laan 37, Bussum, Holland, whence he keeps a keen contact with the socie¬ 
ties and journals he has helped to build, and still is an active adviser in the 
research work on the soils of the Zuiderzee. 
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CHARLES ERNEST MILLAR 

Dr. Millar was born on a farm in Coles County, Illinois, June 23, 1886. 
He attended high school in Maitoon, Illinois, and received his B.S, and 
M.S. (in chemistiy) from the University of Illinois in 1909 and 1911 
respectively. Later he received his B.S. in Agriculture from Kansas State 
College in 1916, and his Ph.D. from the University of Wisconsin m 1923. 

He was Assistant in Chemistry at Kansas State College from 1910-1913; 
Assistant in Agionomy, 1913-1914, and Instructor in Agronomy, 1914-1916; 
Assistant Professor in Soils at Michigan State College, 1916-1918; As¬ 
sociate Professor, 1918-1926; and Professor, 1925-1930. Dr. Millar became 
Head of the Department of Soils at Michigan State College in 1930 and 
continued in this position until his retirement in 1950, since which time he 
has been Professor Emeritus of Soils. 

Dr. Millar is a member of Phi Lambda Upsilon, Alpha Zeta, Phi Kappa 
Phi, Phi Sigma and Sigma Xi. He was also awarded the Diploma of Merit 
by the State Board of Agriculture, governing body of Michigan State Col¬ 
lege, in appreciation of his long and effective service to Michigan agriculture. 
He is also a Fellow of the American Society for the Advancement of Science 
(Secretary of Section 0—Agriculture) and Fellow of the American Society 
of Agronomy (Chaiiman Soils Section, 1935). 

As his principal fields of interest, Dr. Millar was always found spending 
most of his spare time with his students and in the pursuit of special prob¬ 
lems in his chosen field of soil fertility, especially as it relates to crop 
production. During his teaching career time was found by Millar for two 
books —Soils and Soil Management, by Webb Publishing Company, and 
Fundamentals of Soil Science (with Dr. Turk) by John Wiley and Sons. 
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JOHN GORDON DUPUIS, M.D. 

JOHN GORDON DUPUIS, M.D. 

(Our Country Doctor) 

Dr. DuPuis was born in Alachua County, Florida, September 26, 1875. 
His parents were John Samuel and Mary Lohman DuPuis. In January 1899 
he married Katherine Elizabeth Beyer in Paducah, Kentucky. To this union 
one son was bom, John G. DuPuis, Jr. 

Dr. DuPuis received his M.D. degree from the University of Louisville 
in June 1898, only shortly previous to his coming to Florida. He also has 
studied in the New York Post Graduate Medical School. 
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For more than 50 years Dr. DuPuis has served Miami and Dade County 
as a Country Doctor, in all the hallowed spirit and traditions of service that 
the term implies. It is because of this long, faithful and courageous service 
that the Society has requested his permission to include him as OUR Country 
Doctor among those whom we have elected to honorary life membership on 
the occasion of the Tenth Annual Meeting. 

It would be very difficult for most people to imagine what Dr. DuPuis 
saw when he got off the train on October 28, 1898 at Lemon City, at that 
time scarcely an outpost of the Village of Miami which was still 6 miles 
farther south; or to realize that the small shack in which he started his 
practice of medicine shortly following his arrival stood very near the busy 
corner (6045 N.E. Second Avenue) on which his office now stands. 

Along with the weary hours and busy routine of his medical work, Dr. 
DuPuis always found time, somehow, for a great many other public service 
activities of the type that always prove themselves indispensable elements 
in the development of a young pioneer community of the type in which he 
found himself, and of which he proceeded to make himself a truly integral 
part. In the first place, he gave much time to the development of church 
facilities in this new area and, through the years, took an active and fre¬ 
quently an aggressive part in a wide variety of civic organizations for the 
highly important part they always play in community progress. These in¬ 
cluded work on/or with church boards; school boards; drainage boards; 
Chamber of Commerce; State and County Medical Associations; Farm Bu¬ 
reau; Dairy Association; President, Dutch Belted Cattle Association of 
America; and many other associations. 

Likewise, Dr. DuPuis very early decided that one of the most outstanding 
needs for children in this pioneer community was a better and more abun¬ 
dant milk supply. From this very humble beginning, which first started with 
his own family cow, there gradually emerged the great White Belt Dairy 
now employing hundreds of people, and which is still serving the Miami 
area as one of the largest and most modern individually owned dairies in 
the Southeast. 

Thus, Dr. DuPuis has served this Florida community not only through 
its first, and only, outbreak of yellow fever and seventeen hurricanes, but 
all of the people all of the time, regardless of race, religion or financial 
circumstances, through more than half a century. He is now the only charter 
member of the Dade County Medical Association who is stiU active. 

His gi-eat love of plants doubtless brings Dr. DuPuis closer to the soil 
than anything else. In his intense hobby for gardening, he accomplishes 
most remarkable things in the short time he is able to find for this work each 
day, especially in the field of tropical plants. His decided interest in plant 
health thus gives him a quick appreciation of the direct relationship of plant 
composition and health to the fertility level of the soil on the one hand and, 
on the other, to health and well being of animals, as well as men, who must 
live on them. Thus, through the channels of his medical wisdom, fortified 
by such an understanding, the relationship of soil to health has been brought 
by him to the attention of many people, not only in behalf of their well being 
and that of their immediate families, but for the health and well being of 
animals as well. 
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BRIE-COMTE-ROBERT 

(SSINE’&'MARNE) 

Brie-Camte-Robert, July 29-tb, 1950 

Dr. R. V. ALLISON, Secretary-Treasurer, 

The Soil Science Society of Florida, 

BELLE GLADE, Florida, 

U. S. AMERICA. 

Dear Dr. Allison, 

Your letter of June 28-th I have duly received, and I am very touched 
by the honour the Soil Society of Florida has done me in electing me to an 
honourary life membership. 

The photographe you ask for, I am mailing you, under separate cover, 
by ordinary mail. 

Meanwhile, the copy of Vol. VIII of the Proceedings has also reached 
me, for which I thank you very much. 

With my kindest regards and best wishes, 

I remain, 

Yours sincerely, 



Department of Microbiology 
Agricultural Experiment Station 
New Brunswick, N. J. 

. . . We have just returned (from Europe) and I hasten to . . . tell you 
how highly honored I feel to have been elected to Honorary Life Member¬ 
ship in the Soil Science Society of Florida. 

(Signed) Selman A. Waksman, 
Microbiologist 


Charles F. Kettering Foundation 
Dayton, Ohio 


Thanks for your kind letter of June 28th. I appreciate being included 
among the notables. 

(Signed) Ket 

C. F. Kettering 


Campsfield Wood 
Woodstock, Oxon., England 

Your letter . . . informing me that the Soil Science Society of Florida 
had elected me to Honorary Life Membership gave me very great pleasure, 
and I am indeed proud of the honor they have conferred upon me. 

(Signed) E. J. Russell 
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614 High Street 
Columbia, Mo. 

I truly appreciate the honor the Society is bestowing on me although I 
do not feel that it is deserved. 

(Signed) M. F. Miller 


1386 Grantham Street 
St. Paul, Minn. 

I ^eatly appreciate the honor of the action taken by the Executive 
Committee in electing me to Honorary Life Membership in the Society. 

(Signed) F. J. Alway 


College of Agriculture 
Division of Soils 
Berkley, California 

I am of course happy to accept Honorary Life Membership in the Soil 
Science Society of Florida. Indeed 1 am grateful for this honor, 

(Signed) W. P. Kelley 


21 Primrose Drive 
Chevy Chase 15, Md. 

I feel greatly honored by . .. my election to Honorary Life Membership 
in the Soil Science Society of Florida. 

(Signed) Oswald Schreiner 


Burgemeester’s Jacobeaan 37 
Bussum, Holland 

The Soil Science Society may be sure that I feel it is a great honor that 
my name was included in the group of Soil Scientists elected to Honorary 
Life Membership . . . and it is a gie&t pleasure for me to accept this honor. 

(Signed) D. J. Hissink 


Department of Soil Science 
Michigan State College 
East Lansing, Mich. 

This action is indeed an honor, and I ^’eatly appreciate being included 
among the first ten men to receive this distinction from your Society. 

(Signed) C. E. Millar 


6043 N. E. 2nd Avenue 
Miami 38, Florida 

I wish to express my appreciation to the Executive Committee of the 
Society. I consider it a great honor to be included in the group which the 
Society has elected to Honorary Life Membership at i& tenth annual 
meeting. 

(Signed) J. G. DuPuis, M.D. 



EDWARD MACARTHUR REDDING 
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EDWARD MACARTHUR REDDING 


Dr. Redding was born October 27, 1916. He received his B.S. degree 
in Chemical Engineering at the University of Denver in 1938 and his Sc.D. 
degree in the same field from Massachusetts Institute of Technology in 
1942. During 1941-2 he was engaged in Classified Research (NRDC) at 
M.I.T. From 1942 to the present time Dr. Redding’s activities and ac¬ 
complishments are listed briefly through the periods in which they fall: 

1942-1945 U. S. Navy, Bureau of Aeronautics, Power Plant Design 
Branch, as a Naval Officer (Lt. Comdr. USNR), was active in coordinating 
development of turbo-jet and ram-jet engines for the Navy and research 
on related problems of high temperature alloys and combustion. Received 
commendation for work from the Secretary of the Navy. 

Member, National Advisory Committee for Aeronautics Subcommittee 
for Combustion and Heat Resisting Alloys; Co-author of report by Jet 
Propelled Missiles Panel, Coordinator of Research and Development U.S. 
Navy. 

1946-1948 North American Aviation, Inc. Aerophysics Laboratory 

Co-originator and Assistant Technical Director of the Aerophysics 
Laboratory, organized to carry out research and development on guided 
missiles. 

Member, National Advisory Committee for Aeronautics Subcommittee 
for Combustion. Specialized on rocket motor research and development. 

1948 Massachusetts Institute of Technology, Research Staff 

Participated in an evaluation study and co-author of a report for the 
Atomic Energy Commission on certain phases of its nuclear power program. 

1948 to present Charles F. Kettering Foundation, Director of Research 

In charge of coordinating and guiding the research progi‘am which is 
principally in the field of photosynthesis. With the exception of some pre¬ 
liminary laboratory work at the Dayton headquarters, most of the research 
is carried out by other agencies under contract. These agencies are mostly 
universities. A small part of the program is devoted to medical research. 

Member American Chemical Society, American Institute of Chemical 
Engineers, Ohio Academy of Science, American Association for the Ad¬ 
vancement of Science, Sigma Xi, Phycological Society, Soil Science Society 
of Florida. 



PHOTOSYNTHESIS—A LINK BETWEEN THE SUN 
AND THE SOIL 


Edward M. Redding* 

Practically every research worker who talks on the subject 
of photosynthesis presents a different point of view—^his own. 
There are these many points of view because of the complexity 
of the problem, the differences in opinion, and the relative lack 
of success to date in solving the problem. The approach to the 
problem recently taken by the Charles F. Kettering Foundation 
is rather unique, but it is believed that tangible results will be 
forthcoming within a relatively short period. 

Mr. Charles F. Kettering established the Foundation in 1929 
for the purpose of financing research on photosynthesis and other 
problems, the solution to which would benefit mankind in gen¬ 
eral. A photosynthesis research project was started at Antioch 
College in Yellow Springs, Ohio, under the direction of Dr. 0. 
L. Inman in 1930. This project has continued until the present 
time and is still operating at about the original level of activity. 
Until fairly recently, it was the only major project financed by 
the Foundation. Then, just before World War II, the Fever 
Therapy machine was developed for the treatment of venereal 
disease by the Foundation at the Miami Valley Hospital, Dayton, 
Ohio. 

The photosynthesis research group at Antioch College con¬ 
centrated on the study of chlorophyll, the green pigment in all 
photosynthesizing plants and which is generally credited with 
being the agent which absorbs the light energy used in the photo- 
synihesis process. About two years ago, the decision was made 
to initiate more projects at other institutions and to attack the 
problem in a somewhat more basic fashion. This line of attack 
will be explained later. 

Perhaps it would be helpful to discuss the more elementary 
phases of the photosynthesis process at this point. Figure 1 
is a simplified picture of the primary photosynthesis reaction. 
Water and carbon dioxide combine with the addition of energy 
obtained from sunlight to form carbohydrates and release oxygen 
gas. This reaction has never been accomplished outside the green 
leaves of plants. These leaves contain chlorophyll and several 
other pigments, enzymes (biological catalysts of high molecular 
weight), inorganic and organic salts, and other materials of un¬ 
known function. This simple reaction as shown does not touch 
upon the important subject of the incorporation of nitrogen into 
the products of photosynthesis such as the proteins and chloro¬ 
phyll itself. In general, the nitrogen comes from nitrate or 
ammonium ions in the plant fiuids fed to the leaf, but its incor- 
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FIGURE I- PRIMARY PHOTOSYNTHESIS REACTION 

RADIATION 



IN£R6Y REQUIRED = 112 KCAL/Ma COj REACTED 


poration into the plant products may or may not be linked to a 
photochemical reaction. 

The photosynthesis process has been a classical subject for 
investigation for at least 175 years. Generally speaking, in 
the early days, there was no real objective of the research beyond 
curiosity as to the workings of this important process and some 
desire to improve agriculture by increased knowledge of the 
photosynthesis reaction. 

The objective of the Charles F. Kettering Foundation is to 
gain sufficient knowledge of the mechanism of photossmthesis 
that an identical or similar process can be developed outside the 
plant for use in the industrial production of food, fuel, or special 
chemicals. Our interest lies in the process of solar energy pick¬ 
up and conversion to chemical or electrical energy of high po¬ 
tential. The conversion of solar energy to low temperature heat 
for home heating, etc. does not provide a product capable of pro¬ 
ducing power and hence is of relatively limited applicability 
and interest. 

Figure 2 shows how very ineffectively the Earth has been 
able to store the solar radiation incident upon it. The total 
amount of energy stored in the coal and petroleum in the Earth’s 
crust during the past three billion years is only equivalent to 
the solar ener^ reaching the Earth’s surface in five weeks! The 
rest of the incident solar energy has been re-radiated into space 
as low wave-length infra-red radiation. Some of it, of course, 
has been picked up temporarily by photos 3 mthesis, and Figure 
2 shows that the yearly accumulation of energy by photosynthe¬ 
sis is quite appreciable. However, decay of the plant material 
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FI6URE2- TOTAL RATE OF PHOTOSYNTHESIS ON EARTH 

PAST ACCUliUUTION PRESENT RATE 



allows this energy to be dissipated except for the infinitesimally 
small amount retained in the deposits which are being slowly 
made into peat and coal. 

So it is seen that the Earth receives a tremendous amount 
of energy from the Sun which can be utilized to the extent that 
we learn how to use it. It is indeed a worthy challenge to the 
scientist and engineer. An inexhaustible source of energy or fuel 
is an objective worthy of great effort. 

It is true that practically every major researcher in photo¬ 
synthesis has a somewhat different approach to the problem. 
The study of chlorophyll has been a popular approach by many 
including the Kettering Foundation. Some of the most prominent 
people in the field are engaged in an effort to determine the 
“quantum efficiency” of photosynthesis,—^the number of light 
quanta required to reduce one molecule of carbon dioxide. During 
the past five years, some interesting results have been obtained 
by feeding radioactive carbon-14 labeled carbon dioxide to plants 
exposed to light, killing the plants, extracting and identifying the 
intermediate products of photosynthesis. The results have not 
been as extensive as had been expected in the beginning, but ad¬ 
vances have been made. However, no matter how successful 
the latter approach will turn out to be, little information will 
be gained as to the nature and mechanism of the most important 
portion of the process—^the photochemical decomposition of 
water. Most authorities agree that the photos 3 mthesis process 
can be divided into two separate parts (a) the photo-decompo¬ 
sition of water to release oxygen and form a reducing agent and 
(b) the reduction of carbon dioxide by the reducing agent with¬ 
out the aid of light. The labeled CO 2 experiments will tend to 
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FIGURE m- THE DEVELOPMENT OF THE PHO¬ 
TOSYNTHESIS PROCESS - A POSSIBLE TIME SEQUENCE 
TIME^ 
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clarify the latter phase of the problem, but the photochemical 
reactions must be investigated in a different way. 

The Charles F. Kettering Foundation program has been re¬ 
cently reorganized to concentrate on the photochemical phase of 
photosynthesis. Our overall approach to the problem we call the 
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“prebiological” approach. As far as we know, in its overall 
aspects it is unique. 

Several years ago, Mr. Kettering formulated the basic prin¬ 
ciples of the “prebiological” approach when he thought about 
the generally held conviction that the photosynthesis process and 
apparatus in present-day green plants is the result of evolution 
from a much simpler process in the very early period of the ex- 
istance of biological entities. By extending the idea to even earlier 
time periods, he realized the importance of conditions on the 


FIGURE 4-THE DEVELOPMENT OF THE 
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Earth and sequence of events leading to the formation of the 
first biological cells. This period in history he called the “pre- 
biological” period, and the corresponding chemical and physical 
events he call “prebiological chemistry and physics.” A know¬ 
ledge of the “prebiological” period and of the first part of the 
subsequent “biological” period would be of immense value in un¬ 
raveling the photosynthesis tangle. Obviously, an exact know¬ 
ledge of the prebiological period is impossible, but it does seem 
possible to use indirect evidence to build up a hypothetical pic¬ 
ture which could be very useful, of the prebiological period and 
its sequence of events. This we are endeavoring to do, with mod¬ 
erate success to date. 

Figure 3 shows a possible time sequence of events by which 
cells capable of photosynthesis could have been evolved. This 
particular sequence is a summary of ideas of several authorities 
and probably represents the feelings of most biologists. It as¬ 
sumes that the utilization of solar energy followed the use of 
energy from the oxidation of available high energy matter. 

Figure 4 shows an alternate time sequence in which it is 
postulated that the radiation from the sun was the actuating 
energy from the very beginning and that biological cells using 
energy from the oxidation of carbon and hydrogen compounds 
were later developments. 

The latter supposition is quite logical in many ways, and 
we tend to favor it over the former sequence. However, neither 
sequence may even approximate the actual series of events. 

Figure 5 is a summarized chart of the main portions of the 
Foundation’s photosynthesis research program. As can be seen, 
the program can be divided into three main avenues of attack— 
the physics of radiation pickup, the chemistry of carbon dioxide 
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reduction, and the investigation of prebiological chemistry. The 
emphasis is on the first category. 

Figure 6 is a list of molecules and compounds that we believe 
to have been present at the surface of the Earth during “pre¬ 
biological” times. Only the more obvious materials are placed 
under the category “definite.” Most of the other compounds have 
been added to our list from literature research and our experi- 


FIGURE 6 - PREBIOLOGICAL COMPOUNDS 
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FIGURE 7 -SOURCES OF PREBIOLOGICAL ORGANIC COMPOUNDS 

THE HYDROLYSIS OF aANOGEN 


t) LIQUID PHASE 


N=C 

I 

N=C 


+ 2 HP 


aANOGEN WATER 


|>N<=0 

:j>N-c=o 

OXAMIDE 


v^=0 NH4-0-C=0^ 

u I +2 HP-^ I _ 

{j>l-C=0 ^ NH4-0-C=0 

OXAMIDE WATER AMMONIUM OXALATE 


H-0-C=0 

H-0-C=0 


+ 2NH3 


OXAUCACID AMMONIA 


2 ) VAPOR PHASE 

*^1 - ZH,Oa5.H-CsN + + CO, 

aANOGEN AMMONIA 







39 


mental investigations in the Chemistry Department of the Ohio 
State University. 

For instance, there is reason to believe that cyanogen would 
have been present in the prebiological atmosphere. The hydroly¬ 
sis of cyanogen yields many biologically interesting substances, 
a few examples of which are given in Figure 7. 

The hydrolysis of metal carbides probably furnished many 
organic compounds. Figure 8 shows several examples of known 

FKSURE8-SOURCES OF PREBIOLOGICAL ORGANIC COMPOUNDS 

THEHYDRavaS OF CARBIDES 
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FIGURE 9 - SOURCES OF PREBIOLOGICAL ORGANIC COMPOUNDS 
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reactions which could have been involved. The presence of 
nitrogen containing compounds could be explained by such known 
reactions shown in Figure 9. 

The radiation from the Sun is converted to other forms of 
energy on the Earth’s surface in the four main ways listed in 
Figure 10. By the evaporation of water, water vapor enters the 
atmosphere and is carried above the mountains. Rain falls and 
rivers flow downward toward the sea. By proper placement of 
dams and powerhouses, some of the potential energy in this water 
can be converted to useful electrical energy. The use of solar 
energy for space heating has been mentioned previously. It is 
possible, but only barely practical under favorable conditions, to 
use solar energy to heat boilers for steam power generation. 

Atmospheric electricity is generated as an indirect result of 
the solar evaporation of water into clouds. This electric energy 
cannot be utilized effectively. 

By far the largest amount of solar energy conversion takes 
place in green plants, where water is decomposed in photosyn¬ 
thesis, and the energy thus trapped is used to form plant products 
such as carbohydrates, fats, and proteins from carbon dioxide. 
This was the original source of the energy we obtain when we 
burn coal or petroleum products. Such a process is one we wish 
to duplicate or improve. 

Chlorophyll has been mentioned as the most probable agent 
of radiation reception in the green plant. It may not be the only 
one, however. Chlorophyll can be extracted from green leaves or 
other green portions of plants by organic solvents. Its structure 
has never been completely confirmed as it has never been synthe¬ 
sized. Figure 11 shows the structure most generally considered 
correct. However, there is evidence to indicate that chlorophyll 

FIGURE lO-RAOIATION FROM THE SUN 
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exists in the plant as a complex with protein. It has been shown 
many times that extracted chlorophyll is unable to produce photo¬ 
synthesis outside the plant thus tending: to confirm the fact that 
the protein complex is required in the plant for proper function¬ 
ing. 

Chlorophyll is not the only pigment present in photosynthe- 
sizing plants. Most plants have 3 or 4 other pigments, depend¬ 
ing on the type of plant. For instance, most blue-green algae, 
simple single cell plants, have a water-soluble blue pigment, called 
phycocyanin, plus one or more carotenoid pigments. The absorp¬ 
tion curves for a typical set of these pigments is presented in 
Figure 12. It is interesting to note that the sum of the per cent 
absorption is about 100 over the entire visible spectrum. Chloro¬ 
phyll itself absorbs light appreciable only in the red and violet 
regions. From the curves in Figure 12, it would appear that 
practically all incident visible light is absorbed by the pigments 
in blue-green algae. Whether light over the entire visible spec¬ 
trum is used in photosynthesis is somewhat doubtful. The green 
color of leaves, green algae, etc., is due to the fact that light in 
the green region of the spectrum is not absorbed appreciably and 
hence is refiected preferentially. 

The blue-green algae were selected as objects of experimen¬ 
tation because they are generally considered to have been derived 
directly from the earliest photosjmthetic plants without appre¬ 
ciable change. A generalized distribution of plant group develop¬ 
ment during the geological periods is shown in Figure 13. Traces 
of algae are found in the Pre-Cambrian rock, the oldest rock 
found on the Earth's surface. However, bacterial traces are also 
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found in rock of the same age, so geological evidence is not suf¬ 
ficient to settle the point as to whether the photosynthetic plants 
preceded the hetrotrophic plants in the evolutionary sequence or 
vice versa. 

We are culturing several species of blue-green algae, both 
fresh-water and marine, in an effort to determine (a) the ele¬ 
ments essential to this growth, and (b) the functions of the 
elements. Neither investigation is particularly easy to do, al- 



FIGURE 13 
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though modern techniques in analyzing for and removing trace 
elements are very helpful. The determination of the function of 
the various elements will be comparatively difficult to achieve and 
complete success within a short period is doubtful. 

It is believed that one or more of the elements in the algae 
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nutrient solutions are active in the photosynthesis process, and 
our algae researches are aimed at determining just which ele¬ 
ment or elements is involved- The program consists initially of 
growing algae in flasks of inorganic salt nutrient solutions de¬ 
ficient in various elements. The composition of the two most 
commonly used nutrient solutions for blue-green algae are shown 
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in Figure 14. Note that there is very little similarity either in 
total amounts of each element or in their ratios. Both nutrient 
solutions have a pH which is slightly on the alkaline side as the 
blue-green algae do not grow well in acid solution. We believe 
that the pH is of primary importance and that as long as all the 
elements necessary are present, the concentration of each is 
relatively unimportant as long as toxic amounts are not reached. 

However, the list of elements generally considered essential 
to the higher green plants, is not complete, at least not for the 
blue-green algae. We have shown this to be true by making up 
nutrient solutions with only the known essential elements added. 
By repeated series of subculturing we have found that the amount 
of total growth of algae in each new subculture tends to grow less 
for a while and then reaches a relatively weak steady amount. 
We interpret this as meaning that impurities furnish a certain 
amount of all the essential elements but if every essential ele¬ 
ment were added in reasonable quantity the growth would have 
been heavy. When nutrient solutions are inoculated from a 
few cells from an agar slant the growth is always heavy, probably 
due to the large amount of the trace elements picked up and 
stored by the cells when growing oif the agar slant. Agar con¬ 
tains a large number of elements as impurities, and these no 
doubt become available to the cells as they grow in contact with 
the agar. 

Some recent work in the Chemistry Department of the Ohio 
State University under the Kettering Foundation sponsorship 
has given some evidence that hydrogen peroxide may be the 
important reducing agent formed by the photodecomposition of 
water and hence the intermediate capable of reducing carbon 
dioxide in the plant. Hydrogen peroxide usually acts as a rather 
powerful oxidizing agent, but in certain cases it can be a reduc¬ 
ing agent. This property is due to the tendency for the extra 
oxygen atom in hydrogen peroxide to unite with an oxygen atom 
in the other compounds to form O 2 gas. The net effort is the re¬ 
duction of the other compound. 

We are placing the emphasis of our research program at 
present on the following: 

(a) The formation of H 2 O 2 from water by light in the pres¬ 
ence of ZnO or other catalysts. 

(b) The photochemical decomposition of water by light in 
the presence of inorganic cations such as ferric-ferrous. 

(c) The physics of the interaction between radiation and 
matter. 

The above description of the photosyiithesis research pro¬ 
gram of the Charles F. Kettering Foundation is of necessity quite 
condensed and simplified. However, the basic “prebiological” 
approach was explained in some detail, and it is this approach 
that we are hoping will yield practical results within the next 
few years. 
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Prof. Lang was born September 7, 1896, at Dilsboro, Indiana. He gi^adu- 
ated from the University of Illinois in 1920 and from Cornell University 
in 1929. Since his graduation from Illinois he has given practically all of 
his time to an intensive study of Illinois soil fertility problems with the 
exception of that spent in graduate work at Cornell. This largely has been 
concerned with the great number of investigational centers systematically 
arranged over the State of which he is now in charge. These include the 
classical fertility plot studies located at Urbana which are now among the 
oldest continuing investigations of this nature in existence. 



I. SOURCES AND RATES OF PHOSPHORUS APPLICATIONS 


THE USE OF ROCK PHOSPHATE IN ILLINOIS DURING 
AND SINCE THE TIME OF HOPKINS 

A. L. Lang 
Introduction 

In order to do justice to my subject I shall review briefly the 
early literature related to soils work of the Illinois Experiment 
Station. This review is not intended to eulogize, but it is an at¬ 
tempt to put in writing what I believe are important facts and as 
I think they ought to be recorded. 

Only those who studied under Hopkins or who have taken 
time to read his literature intimately can have any conception 
of his thinking. It seems fitting, therefore, after 50 years that 
his guiding principles, formulated at the very beginning of his 
work, be reviewed and again recorded. The sincere belief of 
Hopkins in the absolute necessity for preservation of soil pro¬ 
ductivity and a demand from his superiors for a permanent sys¬ 
tem of agriculture led to his conception of the Illinois System of 
Permanent Soil Fertility. Into this system he incorporated the 
use of crushed limestone from vast local deposits, finely ground 
unacidulated rock phosphate direct from mine to farm, farm- 
produced residues as a source of organic matter and potash and 
free legume nitrogen from the air. 

A short discussion of the system will be given to make the 
fundamental principles involved more clearly understood. Then 
information which has a bearing on the use of rock phosphate in 
the system will be presented. 

Early History 

Up to 1900 Illinois lagged far behind her sister states in mak¬ 
ing facilities available for teaching and investigating agricul¬ 
tural subjects. The first soil experiment plots established were 
not designed to study soil improvement, but rather to demon¬ 
strate soil depletion. I refer to the Morrow plots started in 1876. 
They are still being maintained and are serving their purpose 
well. Not until 1904 were portions of these plots utilized for soil 
improvement practices. 

Beginning in 1879 with enactment of the Hatch Act, care¬ 
fully conducted experiments with fertilizing materials applied 
directly for grain crops showed no appreciable benefits from 
such practices. Only good effects of animal manures and turned 
under clover meadows seemed worthy of note. I bring this in 
to point out that even before the turn of the'century fertilizing 
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individual crops did not appear practical in Illinois. But a hazy 
conception of soil care as a function related to soil rather than 
crop culture was slowly developing. 

During this early period, President Draper of the University 
probably pulled the prop that launched the boat when he pro¬ 
nounced the often quoted adage, “The wealth of Illinois is in her 
soils and her strength in their intelligent development.” This 
statement was undoubtedly a challenge to Davenport, Director 
of the Experiment Station, and to Hopkins. It is still a challenge 
to all of us. 

The members of the Illinois State Farmers’ Institute, an 
organization which came into being by an act of the Illinois 
legislature in 1895, probably had more influence on early agri¬ 
cultural education and research programs of the state than any 
other person or body of people because from the time of inception 
its members took responsibility for sponsoring appropriations 
for such activities. Many members were the first to put into 
practice and demonstrate the practicability of findings and teach¬ 
ings from such research. Such men as Mann, Allen, Abbott, 
Wilson, Hinkley, Meis, and many others will long be remembered 
as contributors in this way. However, it is very evident that 
members of this organization were first inspired through efforts 
of Davenport, and then later by Hopkins and his co-workers. 
Addressing the second annual meeting of the Institute February 
23, 1897, Davenport kindled members of that organization into 
action by revealing history of the scourge of soil depletion and 
its effect on past civilization. In that address he made these 
significant statements: “With all our boasted knowledge of 
agriculture, we cannot today with confidence lay down practices 
that will be safe and profitable and that will sustain productive 
capacity of these prairies for 1,000 years. I say without fear of 
contradiction, our race does not know how to do it.” He further 
stated, “This is a problem whose solution we cannot too soon 
begin if we feel a racial pride and would do our duty to pos¬ 
terity.”^ 

In the statements of Draper and Davenport we see need and 
administrative demand for a permanent system of soil preser¬ 
vation. In 1900, largely through efforts of the Farmers’ Insti¬ 
tute, the State Legislature appropriated money for the most com¬ 
modious agricultural building then in existence, and the following 
year in 1901 under the same influence the legislature appropriated 
$10,000 for the purpose of soil investigations. Investigation 
started by that appropriation and continued by subsequent and 
larger ones have been largely responsible for continued wide¬ 
spread use of rock phosphate. 

Hopkins 

Cyril G. Hopkins was made head of the Department of Agron- 
1—^Report, Illinois Farmers’ Institute, Volume 2. 1896. 
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omy and given a first chair in Agronomy at the University of 
Illinois in 1900. He was an untiring worker with a keen mind 
and an art of sifting important from unimportant facts. In a 
short span of time he accumulated known facts of agriculture 
from all over the world and made widespread practical applica¬ 
tions of his findings. 

With the first appropriation from the legislature in 1901 
made available for the specific purpose, Hopkins launched a 
state-wide program of soil investigations. Hopkins himself main¬ 
tained until the last that Davenport was responsible for their in¬ 
ception.^ Anyway, the scope, intensity, and continuity of these 
investigations have never been equalled before or since. There 
were 3 objectives set up.® 

First, to determine the stock pile of total plant food in the most 
extensive soil areas of the state by collecting and analyzing soil 
samples. 

Second, to determine the productive capacity of different soil 
treatments and different plant foods in terms of crop yields by 
means of controlled greenhouse pot culture and extensive field 
experiments. 

Third, to locate boundaries of the most extensive soil areas 
and minute soil types in the state by first making a hurried gen¬ 
eral survey followed by a detailed survey down to each 10 acres. 

With exception of the first part of this program the original 
plan is being continued almost in its entirety 50 years after its 
inauguration. Here it is worthy of note that Hopkins himself 
acquired most of the analogies of which he taught and wrote in 
respect to the fundamentals of permanent soil fertility from 
findings of chemical analysis in the early part of his investi¬ 
gations. Hopkins used experimental data furnished him by in¬ 
vestigators in other states and countries to confirm his own 
convictions before his own data were available for that purpose. 
From his early publications it is evident that Hopkins had a 
clearly defined system of permanent soil fertility in his mind 
at the beginning of his investigations. At the annual meeting of 
the Illinois Farmers’ Institute in 1903 Hopkins stated, “There is 
but one answer to the question of maintaining the fertility of 
all the soils which have been ruined in the past ages. This is 
the answer. Preserve good physical condition, put back on the 
land all the fertility which is taken off, not some of it, not naost 
of it, but all of it and not only that which is removed by cropping, 
but also that removed by blowing, washing or leaching of the 
soil.”* 

Along with this pronouncement he offered five rules for im¬ 
proving soils and feeding plants. They are: 

2— ^Illinois circular 167, March 1912, page 14. 

3— Illinois circular 64, 1903. 

4— Illinois circular 68, pages 2 and 3, April 1903. 
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1. If soil is acid, apply lime. 

2. If soil is poor in nitrogen, grow clover. 

3. If soil is poor in phosphorus, apply bone meal or some other 
source. 

4. If soil is poor in potassium, apply potassium chloride or 
some other material containing potassium. 

5. Always save all animal manures and make liberal use of 
green manures. 

Following this, Hopkins stated that only three forms of phosphate 
should be considered for use in Illinois. These are: 

1. Finely ground bone. 

2. Finely ground rock phosphate. 

3. Finely ground basic slag. 

This may have been his first public announcement on rock phos¬ 
phate. In supporting this statement he reports significant data 
from both Ohio and Maryland having to do with the carriers of 
phosphate and makes this statement, “All of these experiments 
strongly indicate that finely ground rock phosphate as well as 
bone meal will be a valuable form of phosphorus to use in Illi¬ 
nois.” This is interesting in light of the fact that only one year 
before 15 soil experiment fields has been established on which 
bone meal was used exclusively as a source of phosphorus. There 
is no doubt that during the early part of his career Hopkins garn¬ 
ered most of his facts from statements by workers of other states. 
He acknowledges this later in his writings and takes no credit 
for establishing the fact that rock phosphate was a good source of 
phosphorus for direct application. 

One example will serve to illustrate this point. Director 
Thorne of the Ohio Agricultural Experiment Station spoke on 
the same Illinois Farmers’ Institute program with Hopkins in 
1903. At this meeting in commenting on the increase of wheat 
yields in Ohio over a 50-year period, he said, “It has nevertheless 
been accomplished at so large an expenditure for commercial 
fertilizers as to leave it open to question whether there has been 
an actual gain. The result is that our fertilizer costs have run 
up to an average of more than a million and a half dollars annu¬ 
ally, about one-third of which we pay for being persuaded to buy. 
Let me not be understood as condemning the use of fertilizers. 
On the contrary, I regard the utilization of the great deposits 
of phosphate rock, nitrate of soda, potash salts, and the waste 
from our slaughter houses as one of the greatest steps in modern 
agricultural progress. When blind, haphazard use of these ma¬ 
terials takes the place of an intelligent study of the fundamental 
principles of agriculture as it too often has been done in Ohio, 
they become a curse instead of a blessing.” Later in the same 
paper. Director Thorne states that a ton of stall manure w'as in¬ 
creased in value from $2.50 to $3.25 when 40 pounds of phosphate 
rock was added to each ton for the purpose of re-inforcing the 
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manure with phosphoric acid and preventing the escape of 
ammonia.’ 

Many remember Hopkins only as the great proponent of rock 
phosphate. This is unfortunate because it does an injustice to 
his teachings to present science and the rock phosphate industry. 
The facts reveal that Hopkins 50 years ago was more nearly 
aware of the great need for nitrogen and potassium fertilization 
than many present day agronomists. His gieat quarrel "with the 
fertilizer industry had to do with the lack of proper nutritional 
balance and costs that made adequate application unattainable. 

To meet adequately the demands of crops for nitrogen Hop¬ 
kins recommended and used in his early experiments 100 pounds 
of nitrogen annually. This makes pikers out of most of us. His 
work demonstrated the crying need of crops for nitrogen and 
pointed to the great deficiencies in the seemingly fertile Illinois 
prairie soils. Furthermore, the work demonstrated the utter im¬ 
possibility of ever supplying this enormous need through com¬ 
mercial channels. Widely distributed experiments over the en¬ 
tire country are still demonstrating these glaring facts. At pres¬ 
ent, favorable price ratio between nitrogen fertilizers and farm 
crops offer a great opportunity for using large quantities of 
commercial nitrogen. (Unfortunately supplies are relatively 
scarce.) Even as most agronomists today are doing, Hopkins 
concluded that legumes would have to be relied upon as the major 
source of this important nutrient. Hence the soil management 
problem resolved itself into one of growing legumes. Legumes 
to be grown in Illinois required large quantities of limestone and 
much more phosphorus than the soils could supply. Since phos¬ 
phorus in the available sources of mixed fertilizers was far too 
costly to encourage adequate applications for maximum legume 
production, and since legumes had demonsti ated their ability to 
utilize phosphorus from rock phosphate, Hopkins saw in this 
source a means of getting the job done. This logic is still good. 

The Illinois System op Permanent Soil Fertility 

Out of all this came the Illinois System of Permanent Soil 
Fertility in which rock phosphate has a part. It is a plan of soil 
management recommended for building up and maintaining per¬ 
manent productivity. The objectives of the plan are to keep soil 
physically fit, chemically balanced, and biologically active. Fun¬ 
damental to the plan are recommendations by which the ob¬ 
jectives are accomplished. Herein controversies arise as would 
be expected when dealing with the many ramifications brought 
about by forces of man and nature on a dynamic, biologically 
active medium such as the soil. Principles underlying recom¬ 
mendations in the system result from an economic analogy re¬ 
lating long-time average agricultural incomes in the Corn Belt to 

6—Illinois Farmers* Institute report, 1903. 
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possibilities of getting the job done. This analogy was based 
on existing facts which are as true today as when they first were 
pointed out. These were: 

1. Cultural practices used in general agriculture were ex¬ 
ploitive. “Tickle the earth with a hoe and she laughs with 
a bountiful harvest. When the tickling fails to produce, 
new fields to impoverish are sought, and westward the 
course of empire takes its way, with ruined lands behind.” 
That was the song of the prairies. 

2. Exploitation could not continue if civilization and a free 
people were to survive. 

3. Incomes from general farming practices were relatively 
low. For example, from 1900 to 1911 the average prices 
in the Corn Belt were 70 cents for wheat, 35 cents for corn, 
25 cents for oats and $6.00 a ton for hay. 

4. Commonly recommended fertilizer practices were too cost¬ 
ly to encourage adequate applications. Phosphorus in the 
most common fertilizer, 2-8-2, costs 30 cents a pound. The 
potash in such a fertilizer would dilute an Illinois soil. 
Costly burnt limestone was being recommended as a source 
of lime for correcting acidity and furnishing calcium. 

To meet the challenge of soil exploitation in the midst of ad¬ 
versities of low income and costly replenishment, Hopkins rea¬ 
soned that Illinois farmers could use larger quantities of less 
expensive crushed limestone from vast local deposits, legume 
nitrogen free from the air, inexpensive untreated rock phosphate 
and could make judicious use of all farm-produced residues for 
organic matter and for liberating a much needed and abundant 
supply of potassium from the soil. 

In that reasoning is embodied the basic principle underlying 
the Illinois System of Permanent Soil Fertility. Furthermore, 
those are the principles which from the beginning have kept our 
research work and our extension teachings on a straight, definite, 
systematic, simple, easily understood, easily applied, and work¬ 
able soil improvement program. There have been no byways, 
and no tangents, no delays, but a constant forward effort to 
improve on, add to and compare. 

Why Rock Phosphate? 

From his own analogies Hopkins reasoned that phosphorus 
was the key to permanent agriculture. With $1,000,000 worth 
of nitrogen over every acre of the land and available to the soil 
through legumes, he argued that Illinois farmers need not buy 
a pound of that most important nutrient. Likewise, with enough 
potash in each acre of land to last for 19 centuries he maintained 
that some system should be used to make it available, there% 
avoiding purchase from outside sources. Phosphorus, however, 
was different. Surface soils showed only enough total phosphorus 
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to last one man’s lifetime. Hence, if permanent fertility was to 
be maintained this essential nutrient would have to be purchased 
and returned to the land from outside sources. Also it would 
have to be returned in proportion to that taken from the land 
through cropping, wind erosion, leaching, and washing. Bone 
meal, basic slag, rock phosphate, and superphosphates were on 
the market in the early days as they are today. Hopkins con¬ 
tended that bone meal was the ideal source of phosphorus for 
Illinois farm land, because it was a farm product, and its return 
to the soil tended toward a permanent cycle. He pointed out, 
however, that its cost discouraged the use of maintenance quan¬ 
tities. Likewise, price was unfavorable to basic slag and acid 
phosphates, therefore, rock phosphate costing only $7 to $8 a 
ton delivered to Illinois farms offered the more ideal source of 
phosphorus for this purpose. 

Thus Hopkins set out to learn about rock phosphate, and he 
gathered together in detail all of the available experimental evi¬ 
dence on the subject of phosphatic fertilizers. His interpreta¬ 
tions of the many long-time experiments which preceeded by 
far his own research work are available in the many early circu¬ 
lars of the Illinois Station.'’ Briefly it was the long-time experi¬ 
ments from Maine, Massachusetts, Maryland, and Ohio that in 
the mind of Hopkins established beyond a doubt that rock phos¬ 
phate was the most economical source of phosphorus for use in 
permanent systems of soil fertility maintenance. 

From this acknowledgment Illinois cannot claim credit for 
first establishing the fact that rock phosphate was an economical 
source of phosphorus for permanent systems of agriculture. 
Many times in his early teachings, Hopkins pointed out that the 
famous old manure experiments at Ohio comparing rock and acid 
phosphate were the World’s greatest contribution to Illinois 
farms. In the beginning of those experiments, both Director 
Thorne of the Ohio Station and Hopkins interpreted them as fav¬ 
oring rock phosphate. Later, however, their interpretations be¬ 
came a controversial matter and Hopkins stayed on the rock 
phosphate side. 

Hopkins maintained there was little use of further study on 
the matter of phosphate carriers. For Illinois the problem was 
settled. Consequently, since 1903 rock phosphate has been the 
main source of phosphorus for farm use and for all major ex¬ 
periments in the state. 

According to Hopkins the first carloads of rock phosphate 
purchased in the state were probably used for experimental work. 
However, the records show that in 1903, A. A. Hinkle of DuBois 
purchased iVii cars of rock phosphate. This may be the first 
record of its farm use in Illinois. His results and those of the 
experiment fields were so encouraging that its use spread rapidly 

6—Illinois circulars 86, 96, and 97 and Illinois bulletin 99 are most im¬ 
portant. 
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throughout the state and has continued from that time on. It is 
estimated that approximately 27,000 tons were used from 1903 
to 1920, during which time there is no official record. Since 1920 
Illinois has used 3,670,422 tons. The trend has been constantly 
upward. The peak of use was reached in 1947 when more than 
600,000 tons were applied to Illinois farm lands. That figure 
along with P^Os supplied in mixed fertilizers and superphosphate 
enabled us to say that Illinois was applying more phosphorus 
than any other state in the United States. This could not have 
been accomplished during or following a wartime emergency 
without our rock phosphate program. 

A Few Farmer Experiences 

From the very beginning, farmers themselves were the most 
enthusiastic supporters and promoters of the system. There are 
the printed statements of such men as Brother Leo, long-time 
manager of the Notre Dame 1,000-acre farm at South Bend, 
Indiana,^ Frank I. Man, Gilman, Illinois,'' records of Hopkins’ 
own “poorland farm,” Salem, Illinois,'' Allen Meis, Hinkley, and 
many others. 

Records of the Farm Bureau-Farm Management Service are 
the best source of information on present day accomplishments. 
The Farm Bureau-Farm Management Service is a cooperative 
management service between farmers and the Agricultural Eco¬ 
nomics extension staff. The field technicians paid by the farmers 
aid in the keeping of exacting records of the farms’ enterprises. 
Professor M. L. Mosier of the Agricultural Economics staff at 
the University of Illinois in summarizing long-time records from 
these farms revealed that farmers putting into practice recom¬ 
mendations of the experiment station have equalled or bettered 
results of field research findings. The records proved beyond 
any doubt that some Illinois farms can average and have averaged 
more than 100 bushels of corn an acre on their entire farm in 
good years and over a period of years.” 

Results From Field Experiments Show How 
Farmers Benefit 

A summary of the yield on the bases of current farm prices 
for long-time or rotation periods brings out noteworthy infor¬ 
mation. The following data from Table 1 is an analysis of figures 
from the last rotation period on 20 outlying soil experiment fields. 

These show that organic matter either as animal manure or 
crop residues has been the most important factor in increased 

7— Illinois circular 186. 

8— Illinois Farmers’ Institute Report, 1911, page 96. 

9— Illinois circular 168, 

10— Illinois News Release, 1960. 
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crop production. Values given to other soil amendments largely 
measure their ability to produce organic matter which can be 
returned to the soil. 

Interpreted this way, limestone has returned more per dollar 
invested than any other soil amendment. Largely because of 
these facts Illinois farmers have been induced to use about one 
sixth of all the lime used in the United States and have profited 
handsomely by it. We think it is very fortunate in Illinois that 
the lime program has not been overshadowed by more glamorous 
but less profitable practices. 

Rock phosphate on the ten fields where phosphorus has been 
profitable to use in addition to limestone and manure has re¬ 
turned $4.00 per dollar invested. 

Rock phosphate and potash in combination over lime on 12 
fields where both are needed has returned more than $5.00 per 
dollar invested in the two. 

As an average on all fields limestone and rock phosphate have 
returned annually $17.75 an acre over manure. In grain sys¬ 
tems, limestone, rock phosphate and potash have returned $28.52 
an acre annually. 

The annual acre cost of the limestone, rock phosphate and 
potash in the grain system of farming has been $4.50 and the 
annual return per dollar invested has been more than $6.00. 

These are the kinds of facts and figures that keep up our 
enthusiasm. 


Progress 

Some will ask, “How much progress has been made since the 
time of Hopkins?” The answer is much. It can be substantiated. 
But if none had been made I feel I am safe in saying for the 
field research staff that we are proud of the fact that we have 
carz'ied on. To hold the line against the pressure of opposition 
with glamorous proposals has not been easy for a young college 
staff who are ambitious and trying to make reputations. You 
can recall that it was a completely new and young staff that took 
over the agronomic work at Illinois when Doctor Hopkins was 
called from it. 

For the continuity of the work. Dr. W. L. Burlison, who car¬ 
ried the responsibility as head of the department, deserves more 
credit than history will record. Even though from the beginning 
of his administration pressure has been constantly on him to 
discontinue much of the work started by Hopkins, he has held 
steadfast. Convinced that it was right, he has been willing to 
see the work of his predecessor carried on successfully rather 
than to launch out on a new program of his own. 

Illinois is perhaps as fortunate to have had a Burlison as it 
was to have had a Hopkins. But for Burlison the entire efforts 
of Davenport, the Illinois State Farmers' Institute, and Hopkins 
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might have been pushed aside and lost. We could have and still 
can degenerate into a blind haphazard unscientific use of plant 
food materials as condemned by Thorne 40 years ago. May we 
be blessed with leadership during the next 50 years as strong 
as that which we have had during the past. 

Experimental Evidence 

From the very beginning the benefits to be derived from the 
use of rock phosphate in Illinois have been supported by experi¬ 
mental field data. 

The Muscoutah Field in St. Clair County which was operated 
from 1904 to 1913 furnishes data given in Table 2 which is typi- 


TABLE 2.—Muscoutah Field 
1904 to 1913 


Crop 

No. of Crops 

Corn 

8 

Oats 

4 

Wheat 

4 


bu. 

bu. 

bu. 

Check 

39 

33 

23 

Acid Phosphate 

42 

40 

25 

Rock Phosphate 

46 

38 

26 


Initial application 400 pounds of acid phosphate. 1,000 pounds of rock 
phosphate with continued 200 pounds of acid and 500 pounds of rock each 
rotation. 


TABLE 3.— Limestone, Rock Phosphate, Superphosphate Comparisons 
ON 14 Outlying Illinois Soil Experiment Fields. 


Average annual values of all crops on the rotation figures 
at current farm prices. 




ML 

MLiP 

MLsP 

LeL 

LeLrP 

LeLsP 

Aledo 

27 

64.02 

54.41 

54.47 

45.80 

46.91 

45.87 

Antioch 

26 





25.43 

25.95 

Bloomington 

26 





41.43 

40.82 

Browns town 

11 





32.27 

35.27 

Carthage 

22 

44.15 

44.40 

44.74 

38.16 

40.34 

40.10 

Dixon 

27 

44.93 

45.28 

45.65 

37.27 

39.80 

39.67 

Ewing 

22 

34.61 

36.80 

35.80 

24.68 

33.16 

31.06 

Hai*tsburg 

27 

49.33 

50.63 

60.04 

41.74 

44.88 

45.35 

Lebanon 

22 

60.47 

50.74 

49.15 

43.37 

43.88 

42.58 

Minonk 

11 

67.80 

G6.80 

68.50 

56.32 

59.87 

59.86 

Oblong 

12 

53.43 

56.09 

56.93 

45.88 

50.10 

47.19 

Raleigh 

27 

23.74 

26.65 

26.33 

16.74 

20.44 

20.45 

Sparta 

21 





27.10 

26.95 

Toledo 

21 


37.86 

39.38 


34.72 

34.32 

Average 



45.34 

45.33 


37.54 

37.17 


Lime is applied to give a range of pH 6 to 6,5. 

Phosphates on most fields have been applied at approximately equal money 
values. 
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cal of some of the early comparisons on phosphate carriers. Like 
that of other fields the data from Muscoutah show that rock phos¬ 
phate is an effective source of phosphorus when compared to 
superphosphate. 

Since 1924 the present experimental field staff has been trying 
to accumulate more and more evidence on the relative merits of 
rock and superphosphate. At present almost every experimental 
field has work going on which contributes information on the 
subject. All of these data, however, have not lessened the en¬ 
thusiasm for rock phosphate. 

It has been found generally that when rock phosphate is not 
effective superphosphate is likewise ineffective. The exception 
to this is in high lime soils above pH 7. 

Fourteen fields give an opportunity to compare rock and 
super over a long period of years when used in most cases at 
approximately equal money values. A summary is given in Table 
3. 

Some interesting data on rates of application of rock phos¬ 
phate and comparisons with rock and super have been secured at 
Joliet and Kewanee. These data are shown in Fig. 1. From this 
work it appears that the law of diminishing returns on initial 
applications is somewhere between 1,000 and 2,000 pounds of 
rock phosphate an acre. This varies with soil type and phos¬ 
phorus deficiencies. There was about equal response to each of 
the carriers when used with the legumes at equal money value. 

At Urbana rock and superphosphate were compared at equal 
money values when top-dressed on permanent pasture sods at 
relatively small amounts annually over a period of 10 years. 
The results for the first 3 years are shown in Fig. 2 and for the 
entire period in Fig. 3. 

The comparative value of rock and superphosphate was mea¬ 
sured by Professor L. B. Miller of the field staff in semi-perma- 
nent cooperative experiments with farmers over a period of 12 
years. The carriers were applied at equal money value and their 
values measured in corn yields. An analysis of the data given 
in Fig. 4 shows several possible advantages in the use of rock. 

1. More phosphorus was applied to the soil. 

2. More was removed by the crop. 

3. More was left for future use. 

4. The yield of corn was higher. 

Of special interest is a unique study on the M-7 plots of the 
Agronomy south farm at Urbana. Here 1,500 pounds of rock 
phosphate were applied in 1935 and allowed to be residual for 
15 years. At the same time in 1935 applications of superphos¬ 
phate were begun at the rate of 100 pounds an acre a year. The 
super was continued until the same amount of money had been 
spent as for rock. This occurred in 1942, 8 years later, and then 
the super was allowed to be residual until the end of the 15-year 
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period. Fig. 5 is a graph of the result trends. Rock phosphate 
returned a gross of $129.67 or $8.66 per dollar invested. Super¬ 
phosphate grossed $73.54 or $4.90 per dollar invested. As this 
experiment progressed the crop showed need for potash. A new 
treatment was started in 1941 where 1,500 pounds of rock were 
applied in addition to potash. Fig. 6 shows the trend of the re¬ 
sponse to this treatment. In 9 years there was a gross return 
of $83.17 or more than from a similarly treated plot with super¬ 
phosphate over a period of 15 years. 

Recent Developments 

In recent years bulk storage and custom spreading have ex¬ 
panded so rapidly that one conununity may have four or five of 
these services. Rock phosphate lends itself especially well to 
this method of handling. In bulk storage of rock phosphate there 
is no corrosion, moisture absorption, or caking problems. The 
material remains in perfect condition until used. Custom spread¬ 
ing appeals to the user for several reasons. He saves the costs 
of bags and bagging, also labor and machinery for spreading. 
All this has made it easy to use. The yearly tonnage used figures 
shown in Fig. 7 for the last decade are ample proof. 

The most recent development is custom blending rock phos¬ 
phate with whatever amounts of nitrogen, potash, or both, may 
be needed on a field as determined by soil tests and management 
history. This service is being offered by several progressive dis¬ 
tributors at the present time. This type of service is spreading 
very rapidly. It has a great deal of merit and may easily enough 
revolutionize the program of the entire fertilizer industry. The 
companies give a soil testing service then supply either a basic 
or maintenance application of rock phosphate blended with the 
proper amount of N and K. To me this looks like the first at¬ 
tempt by industry to actually try to apply plant food to the soil 
according to the deficiencies in the soil and the needs of the 
crops. It has all the advantages of a materials program and a 
package program without the disadvantages of either. 

Custom blending works this way. For example, a field not 
previously treated shows by tests need for 80 pounds of N, 1,600 
pounds of rock phosphate, and 200 pounds of KCl an acre. Such 
an order comes into the plant and the materials are weighed out 
in correct proportion from separate bins moving into the spread¬ 
ing truck as a unit, taken to the field and all applied in one opera¬ 
tion. In case of maintenance requirements the rock phosphate 
may be cut to 400 or 500 pounds. 

Summary 

History, records, and new developments have been given 
relative to the use of rock phosphate in Illinois. They justify our 
continuous effort and enthusiasm for its use. 
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VALUE INCREASES FOR PHOSPHATES 



RETURN 
PER DOLLAR 
INVESTED 

+ 5.54 


^511 


Figure 6. 
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Figure 7. 










66 



Rock and superphosphate on un¬ 
limed soil, Raleigh soil experiment 
field, 1951. 


Com Yields Oblong Soil Experiment 
field, 1945. 

(KN) 

Potassium, nitrogen 43 bu. 

(RKN) 

Crop residues legumes (KN) 56 bu. 
(RLKN) 

Limestone (RKN) 98 bu. 

(RLPKN) 

Rock phosphate (RLKN) 104 bu. 
Note: The Raleigh and Oblong fields 
represent some of the poorly drained 
level prairie soils with impervious 
sub soil layers of Southern Illinois. 


M-11 plots Agronomy South Farm, 
Urbana, 1947. 

( 0 ) 

No phosphate 64 bu. 

(RP) 

Rock phosphate 88 bu. 

( 0 - 20 - 0 ) 

Superphosphate 79 bu. 

Note: All plots have limestone, pot¬ 
ash and nitrogen applied. 1600 
pounds of rock phosphate was ap¬ 
plied in 1946. 100 pounds of 0-20-0 
is applied annually to each crop in 
the rotation of corn and soybeans. 
The photograph is of the 1947 yields. 
The yield figures are a four year 
average including 1960. 


Figure 8. 




Dr. W. L. Burlison, Head of the Department of Agronomy, University 
of Illinois, explaining the basic work of the Morrow Plots to a group of 
visitors, always closes with the dictum “This work must go on.” 



UTILIZATION OF PHOSPHORUS FROM VARIOUS SOURCES 


W. L. Nelson-' 

Superphosphate has been the standard source of phosphorus 
in commercial fertilizers with ordinary or single strength super¬ 
phosphate being used much more than treble superphosphate in 
the Southeast. An important development in the commercial 
fertilizer field in recent years is ammoniation of superphosphate. 
This process favors the conversion of the monocalcium phosphate 
to the dicalcium and tricalcium forms. Rock phosphate and basic 
slag have been used for many years in certain areas. Lately, 
interest in other sources of phosphorus such as dicalcium phos¬ 
phate, tricalcium or fused phosphate and calcium metaphosphates 
has increased. 

The objective of this paper is to present information on source 
of phosphorus from the standpoint of efficiency of uptake of 
phosphorus by plants. Radioactive phosphorus has proven to be 
a valuable aid in such studies and much of the data reviewed will 
be based on work in which radioactive phosphorus was used as 
a tracer. Through such studies the efficiency of the various sour¬ 
ces of phosphorus can be determined even without yield re¬ 
sponses. 

The utilization of certain sources of phosphorus will be dis¬ 
cussed by crops. 


COTTON 

On a soil containing 67 pounds of P20i (Truog) the per¬ 
centage of phosphorus in the plant derived from dicalcium phos¬ 
phate was distinctly lower than from the other sources (Figure 
1) (4). On a soil containing 288 pounds of P^O, dicalcium phos¬ 
phate again gave the lowest proportion of fertilizer phosphorus 
in the plant (Figure 2). On this soil alpha tricalcium was not so 
effective as the other three sources. Calcium metaphosphate was 
somewhat more effective than any of the other sources, however. 
In these experiments the fertilizer was placed in bands three 
inches to each side of the seed and two inches below. There were 
no significant differences in the yields of cotton obtained from 
the various sources. 


CORN 

On a soil high in phosphorus, 319 pounds of P^Oj per acre, 
corn plants receiving phosphorus as superphosphate and as cal¬ 
cium metaphosphate were consistently higher in percentage of 

■*—Director, Soil Testing Division, State Department of Agriculture and 
Professor of Agi-onomy, North Carolina State College of Agriculture, 
Raleigh. 
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Pi^re 1.—Percentage of phosphoi'us in the plant derived from the fertilizer 
as influenced by the source of phosphorus for cotton on Norfolk sandy loam 
containing 67 pounds of PjO per acre. (60 pounds of P.O applied. The 
L.S.D. (.05) is for treatment means). 



Fi^re 2.—Percentage of phosphorus in the plant derived from the fertilizer 
as influenced by the source of phosphorus for cotton on Norfolk sandy loam 
containing 288 pounds of PjO- per acre. (60 pounds of P.Os applied. The 
L.S.D. (.05) is for treatment means). 

phosphorus derived from the fertilizer than those plants re¬ 
ceiving alpha tricalcium phosphate (4). The percentage of 
phosphorus in the plant derived from each of the three fertilizer 
materials decreased consistently throughout the season. The 
fertilizer was placed in bands as described for cotton. There was 
no yield response to phosphorus on this soil. 

SMALL GRAIN 

In Iowa there was an interaction between the acidity of the 
soil and utilization of phophorus from the various sources (7). 
On a Clarion soil, pH 5.6, calcium metaphosphate was a less 
efficient source of phosphorus for oats than either dicalcium or 
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alpha tricalcium phosphate. However, on a Webster soil, pH 
6.7, there was little difference among these sources. No source 
was better than superphosphate on either of these soils. The 
phosphorus was broadcast and disced in. There were no sig¬ 
nificant differences in yield. 

In an experiment with wheat and barley in Colorado (6) 
superphosphate and calcium metaphosphate were much superior 
to dicalcium and tricalcium phosphates, with the two former 
sources giving increases in yield of wheat. This experiment was 
conducted on a calcareous soil. 

TOBACCO 

Work in North Carolina showed that ammoniated superphos¬ 
phate, when compared with ordinary superphosphate, produced 
a slight decrease in percentage of phosphorus in the tobacco 
plant from the fertilizer (8). Ammoniation of superphosphate 
reduces the amount of water soluble phosphorus (5) as a re¬ 
sult of the reversion of part of the monocalcium phosphate to 
the more insoluble dicalcium and tricalcium phosphates. 

SUGAR BEETS 

Experiments on calcareous soils in Colorado showed that 
superphosphate and calcium metaphosphate gave a higher per¬ 
centage of phosphorus in the sugar beet plant from the fertilizer 
than did dicalcium and tricalcium phosphates (6). At one loca¬ 
tion the two former sources produced significantly higher yields 
than did the two latter sources. 

There was an interaction between placement and utilization 
of phosphorus from the various sources (6). Placement of the 
phosphorus in a single band 4 inches deep and 4 inches to the 
side was compared with phosphorus mixed with a rototiller in 
a band 4 inches wide and 4 inches deep. There was a greater up¬ 
take of phosphorus from superphosphates and calcium meta¬ 
phosphate when these sources were placed in bands. On the other 
hand, with dicalcium phosphate, the rototiller placement gave the 
greatest uptake of phosphorus. The availability of dicalcium 
phosphate is apparently influenced by the root-fertilizer con¬ 
tact. With the more soluble sources rather complete mixing 
with the soil may favor greater reversion than is obtained with 
band placement, however. 


LEGUMES 

Superphosphate gave a higher percentage of phosphorus in 
Ladino clover from the fertilizer than did calcium metaphos¬ 
phate, tricalcium or dicalcium phosphates (1). T h is exi)eriment 
was conducted on a Mardin soil, pH 5.3. As with sugar beets. 
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there was an interaction between placenaent and the utilization 
of the sources. There was a greater uptake of fertilizer phos¬ 
phorus from superphosphate and calcium metaphosphate drilled 
than with these sources broadcast. Placement did not affect 
the uptake of phosphorus from dicalcium or tricalcium phos¬ 
phates, however. 

Fried and MacKenzie compared superphosphate and rock 
phosphate on soils having a pH of 4.9, 5.5, and 5.8 respectively 
(3). The rock phosphate was added in amounts to give approxi¬ 
mately four times as much P^O, as supplied by the superphos¬ 
phate. Alfalfa and vetch were grown. The percentage of phos¬ 
phorus in the plant coming from the rock phosphate decreased 
rather markedly with decreasing acidity. This reduction was not 
as noticeable with superphosphate. On the most acid soil alfalfa 
absorbed a considerably higher percentage of phosphorus in the 
plant froift the rock phosphate than from superphosphate. With 
legumes, as is true with other crops, if any treatment or source 
reduces the phosphorus in the plant to the critical level, the 
yield will be reduced. If a treatment or source does not reduce 
the phosphorus to a critical level, however, the relative ineffec¬ 
tiveness of the treatment or source is not significant as far as 
crop production is concerned. 

A comparison of rock phosphate and superphosphate in a 
red clover, corn, and wheat rotation conducted for 20 years re¬ 
vealed it is necessary to apply somewhere between 3 to 7 times 
as much phosphate in rock in order to obtain a response equal 
to that obtained from superphosphate (9). Red clover was some¬ 
what more efficient in utilizing the highest rate of rock phosphate 
than was corn or wheat. 

In Alabama, rock phosphate when used in amounts to give 
twice as much phosphorus as furnished by superphosphate was 
much less effective in increasing yields of winter legumes, corn 
and cotton than was superphosphate (2). 


Summary 


1. The efficiency of the various sources of phosphorus varies 
considerably. 

2. This efficiency is affected by the acidity of the soil. The 
more insoluble sources are more available on the acid soils. 

3. The efficiency is affected by placement. Band placement 
brings about increased uptake from the more soluble 
sources. 

4. Crops vary in capacity to utilize the more insoluble sources. 

5. Under the conditions in the Southeast, superphosphate is 
a satisfactory all-around source of phosphorus. 
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GENERAL COMMENTS ON PHOSPHATES 


Vincent Sauchelli' 

Referring to Prof. Lang’s eulogy of the C. G. Hopkins legacy 
on phosphate thinking at the Illinois Station, may I say that his 
presentation is by no means shared by many of his confreres on 
the research staff at that Institution. Hopkins was a remarkably 
strong character and in his day did a marvelously good job of 
getting farmers interested in sound practices. But a great deal 
has been learned since his time both here and abroad about the 
relative merits of different sources of phosphorus and the inter¬ 
relationship in the soil between phosphorus and many of the other 
nutrients. Dr. E. E. DeTurk, Dr. R. H. Bray, and Dr. L. T. Kurtz, 
of the Illinois Station, have given much serious thought to these 
problems and have published their research which is at some 
variance with Prof. Lang’s main thesis. 

World agriculture, it seems to me, has given a definite answer 
regarding the relative merits of rock phosphate for direct ap¬ 
plication and superphosphate: during the last year about 20 
million tons of superphosphates were consumed in world agri¬ 
culture as against a total of about 800,000 tons of rock. That has 
been about the proportion for many years. In our own country 
Illinois has been the only state that has consumed rock phosphate 
for direct application in significant amounts. There must be a 
reason why farmers persist in preferring processed phosphates 
to the raw material. I suspect that reason has to do with profi¬ 
table returns. 

Now, to discuss briefly some other items bearing on phos¬ 
phates. 

Because of the close interrelationship among the several 
branches of agricultural science and the growing complexity in 
the relationship of all known plant nutrients, it is necessary for 
workers in this field to broaden their knowledge by going beyond 
their individual domain. All of us should at least have some ac¬ 
quaintance with the purpose and techniques of workers in other 
allied fields. The chemist and physicist have been able to help 
solve problems in the biological field, and the biologist in turn can 
contribute something to the others. Yesterday’s program on 
methods emphasized this: even though it did make us all aware 
that ions, spectroscopes, amperes, voltages, photometers, asper- 
gillus niger—^the concepts and tools of the chemical, physical, 
and biological laboratories—can be used as a team, or group ap¬ 
proach to solve a common problem. Last week in Baltimore at 
a symposium on copper at Johns Hopkins, the same thing was 
illustrated—representatives of the various branches of science 

—^Director, Agricultural Research, The Davidson Chemical Corporation, 

Baltimore, and Chairman, Fertilizer Industry Committee on Radio¬ 
active Research. 
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met to discuss the many interrelationships of this element to 
soils, plants, animals, and humans. 

The importance of fundamental research as contrasted to 
applied research is being recognized by all major industries as 
a safeguard to their future. It has been my purpose on many 
opportune occasions to point out to scientific groups that the 
fertilizer industry is indeed interested in and fosters fundamental 
research. This has been revealed in diverse ways, but primarily 
by establishing fellowships at universities and institutions and by 
outright grants-in-aid with no strings attached, for the sole 
purpose of pushing back the frontiers of agricultural science. 

One of these manifestations is represented by the creation and 
purposes of the Fertilizer Industry Committee on Radioactive 
Research, to which your Chairman alluded. This Committee was 
organized in the fall of 1946 and is still functioning, and repre¬ 
sents a good cross section of the miners, processors, and mixers 
of the American fertilizer industry. It came into existence be¬ 
cause some forward-looking men in the industry whose imagi¬ 
nation had been excited by the atomic events of that period 
believed that this new power which burst so dramatically upon 
the world could and should be utilized in agricultural research. 
A generous fund was contributed to get a training program 
started as a joint project between the industry and several state 
and federal research agencies. The results of the first year’s 
work attracted much attention, even though it was only a be¬ 
ginning. Men had to be trained in the new tracer technique, in¬ 
struments had to be purchased. The able leadership of such men 
as Drs. Dean, Hendricks, and Parker, of the U.S.D.A., Bureau of 
Plant Industry, at Beltsville, enabled the project to get off to a 
good start. Dr. Nelson is one of the early workers on that pro¬ 
gram. From that initial effort the project has now grown to in¬ 
clude this year about 20 agricultural experiment stations in this 
country and one in Canada. The tracer technique is being used 
extensively on all major soil types and cash crops to find out 
the most efficient methods of fertilizer placement and the relative 
advantages of different plant food sources and how plants utilize 
soil and fertilizer phosphorus. In most of these investigations 
radioactive phosphorus is used simply as a tracer. Remember, 
this technique supplements, not supplants, the other techniques 
of the chemical, physical, and biological sciences. This project 
represents a splendid cooperation between industry and govern¬ 
mental research agencies and shows what can be accomplished 
in the best interests of both parties by such joint efforts. May 
we have more similar programs in the future. 

Problems involving soil phosphorus, the use of phosphatic 
fertilizers, and the phosphorus nutrition of plants are many 
and exceedingly complex. To begin with, the chemistry of the 
phosphoric acids itself is complicated; then wa introduce phos¬ 
phates into a wide range of soils differing in clay, humus, iron, 
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and aluminum, pH, and other factors. As if these problems were 
not enough, we multiply them by introducing living plants into 
the system, plants which differ widely as to phosphoric acid and 
other nutritional requirements. Is it to be wondered at that the 
field for more intensive research in this dynamic soil-nutrient- 
plant system continues to challenge all branches of agricultural 
science? Much has been accomplished; vastly more needs to be 
achieved. Atomic energy to solve many of these problems, is an 
ever present hope. 

We are assembled here in this great state of Florida. It is only 
proper that I, representing one of the local phosphate rock 
miners, should call your attention to Florida’s place in the phos¬ 
phate world. The fertilizer industry is celebrating this year its 
100th anniversary of the manufacture of mixed fertilizers. Start¬ 
ing in England, a little over a century ago—1843 to be specific— 
the superphosphate industry was gradually expanded into a 
world-wide service industry producing upward of 20 million 
tons of the product a year. The fertilizer industry is founded 
on phosphates. Our own domestic superphosphate industry has 
facilities for producing at the rate of 14 to 15 million tons of 
normal superphosphate per year. The last year of record it pro¬ 
duced about 11 million tons of 20% superphosphate or its equiv¬ 
alent. The great bulk of phosphate rock used in that production 
came from mines in this state. Since 1880 Florida has been the 
most important source of supply. The mining industry starting 
here as a manually operated, pick and shovel operation, has 
grown into one of high efficiency, utilizing modern power-oper¬ 
ated facilities such as many of you saw in last night’s tour. It 
does an amazing job to provide the American farmer with low 
cost phosphate. 

It may be pertinent to review briefly some aspects of ferti¬ 
lizer phosphorus and soil problems of the country. Most of you 
are familiar with these. For example, the most phosphorus de¬ 
ficient area is in the Coastal Plain soils of the South Atlantic 
and Gulf Coasts, where the average content of P 2 OS in the virgin 
condition of the surface foot of soil was estimated at from 0.0 to 
0.4 per cent. This average increases as we go to the north and 
west. Although total phophorus is not a good index of the phos¬ 
phorus fertility situation, it gives us some idea of possible re¬ 
serves. Phosphorus may exist in a soil as a primary mineral, 
as phosphorus absorbed on the clay surface, and as organic 
phosphorus. Of these, the absorbed or exchangeable form and 
the organic phosphorus are important for immediate use by 
plants. 

Now, we know that Phosphorus is being removed by crops and 
particularly by erosion, and some is replenished by fertilizers, 
crop residues, and animal manures. We also know from certain 
surveys that apparently more phosphorus is being returned to 
the soils in the South Atlantic States than is removed by all 
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harvested crops. Florida is particularly high in this respect. At 
one time some folks seriously considered government action, I 
believe, to reduce the amounts of fertilizer phosphorus being 
applied. Fortunately that did not happen. These survey data have 
to be interpreted intelligently. Farmers apply it in heavy amounts 
because they find it pays. The use of phosphorus or any other 
plant nutrient is to be related to its money return rather than 
to the amount removed by crops. Field tests here and in other 
areas of the humid region show conclusively that it is profitable 
to put on several times as much phosphorus as is removed by 
cotton, potatoes, tobacco, and alfalfa, and other cash crops. And 
general averages do not mean much; we know that farmers do 
not all put back the phosphorus on their soils to the same degree, 
the amount varies from farm to farm and from county to 
county. 

Well, to refer again to the radioactive studies, the tracer 
technique is another tool with limitations like all similar tech¬ 
niques. The radioactive phosphorus does not remain radioactive 
very long. Its radioactivity may last, say 5 to 6 months at the 
most, enough for one season’s study. It is of no value to deter¬ 
mine residual effects of phosphorus fertilization. Other methods 
must be employed for this phase and we know that most, if not 
all, of the residual fertilizer phosphorus does remain available 
despite “fixation.” Because of the highly developed phosphate 
mining and processing facilities in this country, the American 
farmer is assured a supply of phosphoric acid adequate to meet 
his constantly growing needs. And the American public can be 
thankful that this nutrient, so essential to his health, vigor, and 
well-being, is being made available in generous quantities at all 
times by the American phosphate and fertilizer industry. Florida 
may be the Sunshine State; it seems to me it should also be 
equally proud of and proclaim to the world its unique position as 
the Phosphate State. 



11. A REVIEW OF TRACE ELEMENT RELATIONSHIPS 
TO AGRICULTURE 

A. METHODS OF ANALYSIS 


CHEMICAL METHODS FOR DETERMINING TRACE 
ELEMENTS IN PLANTS AND SOILS 

W. 0. Robinson ' 

The determination of the 
trace or minor elements in plants 
and soils, whether by spectro- 
chemical or by chemical means 
calls for the utmost skill and 
patience. It is really an expert’s 
job, to be most meticulously per¬ 
formed with simple and trans¬ 
parent honesty. Trustworthy 
determinations of such small 
quantities as a few parts per 
million, especially tenths of a 
part per million, which in the 
cases of iodine, cobalt, and moly¬ 
bdenum are significant, require 
a sound background of theo¬ 
retical analytical chemistry and 
laboratory experience, with con¬ 
stant checking by independent 
methods when possible, and con¬ 
stant vigilance in testing for 
blanks, and purity of reagents 
and for contamination by sam¬ 
pling, grinding, and even by constituents of the air before and 
during the analyses. 

Standard Samples 

How is the chemist, or spectrographer for that matter, to 
know that his results are reliable? He can attempt to recover 
a known quantity added to a sample. But this is not always as 

—Senior Chemist, Soils Division, Bur. Plant Industry, Soils and Agri¬ 
cultural En^neering, U. S. Department of Agriculture, Beltsville, Md. 
Note— A. quite detailed statement by Mr. Robinson is to be found in 
the appendix of this volume, pp. 270-278, concerning “The Minor or Trace 
Elements in Soils, Plants and Animals” that was released in mimeographed 
form by his Bureau in the U. S. Department of Agriculture shortly brfore 
the Winter Haven meetings.—Ed. 
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simple as it seems and there are serious complications. Obviously 
the best way is to establish standard samples that have been 
analyzed by competent analysts and by different methods, if 
available. 

For many years the American Association of Official Agricul¬ 
tural Chemists has had a sptem of referee standard samples that 
were sent out to collaborating members, mainly to try out various 
proposed methods of analysis. As a result this Association has 
its Book of Methods published every five years. In this book 
the main emphasis is on fertilizers, food and drugs. Methods of 
analyses of plants and soils are not so well developed, especially 
for the trace elements. 

I believe that standard samples of plants and soils, prepared 
especially for their contents of manganese, boron, copper, zinc, 
lead, molybdenum and such other trace elements that may de¬ 
velop, to be important to agriculture. It is important, of course, 
that the major element contents of such standard samples be 
known, and also that contamination by sampling, grinding, and 
storage be reduced to a minimum. Such standard samples, as 
authentic as the National Bureau of Standards samples of in¬ 
dustrial products and materials, should be available to analytical 
chemists and those engaged in quantitative spectroscopy in the 
field of agronomy. To serve best, these standards should be in¬ 
ternational in character. The Soil Science Society of Florida 
might well take the leadership in this matter, as they have long 
recognized the desirability of such standards. 

Specific Methods 

For the determination of copper, zinc and lead, most chemists 
prefer the dithizone method. This process is described in detail 
by Sandell (8), A.A.O.A.C. Book of Methods (6) and Holmes 
(4). It is our experience that the mechanical shaking device 
described by Holmes and Mullins (5) contributes a lot to the 
reproducibility and reliability of the method. The extreme sen¬ 
sitivity of this method imposes penalties. The sample is small 
and must be well mixed and finely ground. Constant vigilance is 
needed to guard against contaminations. It is not an easy method. 
Some have preferred to estimate zinc with the polarograph after 
separation from interfering elements by dithizone. 

A concrete example of the importance of accuracy in analysis 
and of establishing standard sample may be illustrated by giving 
in detail the data on the occurrence of molybdenum in plants and 
soils that have been accumulated. 

It seems probable that the chromograph technique as de¬ 
scribed by Stevens and Lakin (9) for geochemical prospecting 
could be used for some of the trace elements. They have suc¬ 
cessfully used the chromograph in locating nickel and copper 
bearing formations by testing samples of the overlying soils and 
plants. 
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Nichols and Rogers (7) have compared the spectrographic, 
colorimetric and polarographic methods for determining moly¬ 
bdenum. Their conclusion was that the colorimetric thiocyanate 
method is preferable except when only very small quantities are 
available. They report very high molybdenum in a sample of 
para grass, 310 to 370 parts per million. Results for other vege¬ 
tation range between 19 and 57 p.p.m. Since Nichols and Rogers 
published this work in 1944 the colorimetric method has been im¬ 
proved by the addition of very small quantities of solutions of 
ferric iron and potassium nitrate before the development of the 
color. 

Molybdenum in Soils 

We have made molybdenum determinations in over 300 
United States soil samples, mostly profile samples, and results 
range between 0.7 p.p.m. in Vernon fine sandy loam, Guthrie, 
Oklahoma, to 31.6 p.p.m. in DeKalb silt loam. Bloom, Virginia. 
This is by far the highest. There was only one area where the 
molybdenum was ansnvhere nearly as high and this is on an 
experimental plot of Cecil clay loam near Raleigh, North Caro¬ 
lina. Over ninety percent of the determinations of molybdenum 
made range between 1 and 4 p.p.m. This relatively constant 
quantity of molybdenum in United States soils examined would 
seem to point to some biological factor tending to keep the moly¬ 
bdenum content of soils up to a certain level. 

The above relative constancy with regard to the molybdenum 
content does not seem to hold for soils in other parts of the world. 
Dr. H. C. Trumble, now with Food and Agriculture Organiza¬ 
tion recently sent in three soils from Nicaragua. He learned it 
had not been possible to grow legumes on soils Number 1 and 2. 
However, legumes could be grown on soil Number 3. He im¬ 
mediately suspected molybdenum deficiency in Soils 1 and 2. In 
these two soils there was only the merest trace of molybdenum, 
if any at all, but No. 3 had 2.4 p.p.m. In Somerset, England, 
the soils of the “teart” lands contain up to 100 p.p.m. Mo. One 
soil from Puerto Rico, the Nipe, contained 20 p.p.m. in the sur¬ 
face horizon Avith average quantities only in lower horizons. 
A similar concentration occurred in the surface of an Hawaiian 
soil. This condition, however, is not always the rule 'W’ith tropi¬ 
cal soils, as several profile samples from Australia and Belgian 
Congo show only average molybdenum and no concentration on 
the surface. 

Didier Bertrand (3) has reported European soils, mainly 
French, relatively very high in molybdenum. Twenty soils 
ranged from 4.3 to 69.0 p.p.m. Mo. Many of these soils are on 
Agricultural Institution grounds. Half of these soils are over 
20 p.p.m. and the average is 27.8 p.p.m. Mo. This is over ten 
times the average of soils in the United States. 
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Molybdenum in Plants 

In the analysis of 50 different kinds of crop plants and com¬ 
mon weeds (216 samples) on 25 soil locations in Maryland, West 
Virginia, Indiana and Virginia it was found that there was not 
a great difference in the molybdenum content of different kinds 
of plants, though, in general, smart weed and lambs quarters 
tended to be highest. The extreme ranges are from 0.1 p.p.m. 
Mo. in lespedeza to 8.8 p.p.m. for red clover on Miami soil in 
Indiana. The average for 12 samples of red clover was 1.85 p.p.m. 
Eight samples of smart weed averaged 2.90 p.p.m. All results 
are based on the dry weight and are for the entire plant above 
ground. All plants were collected during mid-August. There was 
not a good correlation between total molybdenum in soil and 
plant, though there is a distinct tendency for soils high in moly¬ 
bdenum to produce plants higher in that element. The dependence 
of the uptake of molybdenum by the plant on the reaction of the 
soil was somewhat better but there were small exceptions. In 
this, as well as in other studies, legumes were not higher in moly¬ 
bdenum than non-legumes on the same soil except on one site. 
In many cases non-legumes exceeded the legumes. 

The average molybdenum content of 106 samples of alfalfa 
was 2.70 p.p.m. molybdenum with a range of from 0.1 to 9.4 
p.p.m. These samples were from 10 states, and included 20 sam¬ 
ples from the Yuma, Arizona, area which were all comparatively 
high. In this area the soil is comparatively low in total moly¬ 
bdenum. The molybdenum in the plant apparently comes from 
the irrigation water. Alfalfa from the eastern states is gener¬ 
ally much lower in molybdenum than that from western states, 
but there are exceptions. On a heavily limed plot of Cecil clay 
near Raleigh, North Carolina, alfalfa had between 7 and 8 
p.p.m. 

O. A. Beath (1) reports a woody aster plant from the Mor¬ 
rison Formation in Utah which contained 333 p.p.m. molybdenum. 
Other samples of woody aster from this same formation con¬ 
tain 100 p.p.m. and over. We have analyzed pea seeds from the 
province of Boyaca, Columbia, S.A. with 91 p.p.m. Mo. 

Pasture vegetation on the teart lands of Somerset, England, 
is reported to contain as high as 100 p.p.m. molybdenum. 

Beath, Draize and Gilbert (2) in 1934 were first to point out 
the toxic action of molybdenum in vegetation on cattle. They 
also called attention to the effect of molybdenum on bone mal¬ 
formation. 

Trace Elements in the Air 

In confining methods of analysis to soils and plants we have 
overlooked the main environment of tiie plant from which the 
plant obtains by far the most of its substances. This main en- 
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vironment of plants is the atmosphere. From this the plant 
must obtain practically all of its carbon. Carbon, by the way, is 
just about a trace element in the atmosphere. 

There are but 3.5 parts of CO^ in 10,000 parts of atmosphere 
or 128 parts per million carbon in the atmosphere. In the vi¬ 
cinity of industrial plants burning coal, the proportion of COa 
in the air is only slightly increased, as analyses have shown. 
The tremendous capacity of plants, large bodies of water, par¬ 
ticularly the ocean to absorb this COa tends to keep the COa in 
the air at a constant level. But how about other trace con¬ 
stituents? There are large quantities of methane, volatile sul¬ 
phur compounds, etc. being continually given off as marsh gas 
from decaying organic matter. The numerous bubbles arising 
from submerged organic matter in sluggish streams and ponds is 
a familiar example to all. This marsh gas consists of carbon 
dioxide, air, methane, and even hydrogen and carbon monoxide. 
One may even question if rather volatile and stable organic 
compounds of the trace elements are not present in some small 
quantity. 

The analytical methods for trace elements in the atmosphere 
have not been developed. Following damages by smelter fumes 
and chemical manufacturing some recording devices have been 
made but they are adopted for relatively high concentrations 
only. For sometime I have been interested in a device which 
should give, with some accuracy, very low concentrations of the 
trace elements in the atmosphere. If a liter vessel built to with¬ 
stand 1500 lbs. per square inch, were connected with a com¬ 
pressing pump, so that the air could be quantitatively compressed 
to 1600 lbs. per square inch we would have from 12 to 14 grams 
of air compressed into the vessel. In most of the humid east 
the air is over half saturated with water vapor so that, when 
the pressure inside the vessel reaches 2 atmospheres, minute wa¬ 
ter ^oplets form, and in condensing on nuclei, carry down the im¬ 
purities contained in the air. If the operation is continued to 
10 atmospheres there might be formed as much as 0.3 m.l. of 
water. 

The contents of the vessel could then be frozen, and the gases 
led through a system of impinging plates, and suitable absorption 
tubes for the desired trace elements or compounds. Ten such 
fillings would represent roughly 120 grams of air, and might 
yield as much as 3 m.l. water suitable for the determination of 
a number of elements by the spectrographer or for sulfur, 
fiuorine and chlorine, etc. by chemical means. No doubt the 
water condensed by concentration in the first chamber of the 
compressors of liquid air manufacturers would jdeld many valu¬ 
able clues to the presence of trace elements in the atmosphere. 
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THE USE OF SPECTROGRAPHIC METHODS IN THE 
ANALYSIS OP SOILS AND OF PLANT AND ANIMAL 
TISSUES IN TRACE ELEMENT STUDIES 


T. C. Erwin*^ 

The adaptability of certain physical and chemical methods 
for determining the trace element content of various agricul¬ 
tural materials was discussed in brief detail by Rogers and 
Hughes (1) at the time of the first symposium on this subject 
on the forum of this Society in Gainesville in 1940. 

In this review particular emphasis was placed on the use¬ 
fulness of dithizone extraction methods which were under study 
at that time and on the adaptability of the spectrograph, espe¬ 
cially for exploratory studies in the broad field of trace element re¬ 
lationships to agriculture. The semi-quantitative and the pre¬ 
cision procedures as developed at that time for the spectrograph 
were reviewed. In the meantime both approaches have been 
considerably improved not only by a more extensive medication 
of the sample but also by the availability of a much more versa¬ 
tile and accurate microphotometer. 

Sample Preparation, Including Pelleting 

The definite experience of certain trace element losses during 
sample preparation both by the wet combustion procedure and 
by ashing in the usual manner at “controlled” temperatures 
greatly accentuated our interest in the pelleting of the sample 
so that it could be placed in its entirety in the arc and burned 
during the period of normal plate exposure. The above studies 
included the spectroanalysis of captured smoke samples which 
showed definite losses of some of the trace elements varying with 
the type of plant materials studied and the contained elements. 

These pellets (^") were made with a press capable of de¬ 
livering 80,000 pounds per square inch. Under such a pressure 
no cementing substance was necessary for any of the materials 
that it was found desirable to study. For arcing, the pellets were 
placed in 5/16" cavities formed by a special tool in the carbon 
electrode. 

Some interesting results were obtained and some very defi¬ 
nite advantages are thought to be available through the pelleting 
procedure though a considerable amount of work remains to be 

'Assistant Chemist and Spectroanalyst, Everglades Experiment Station, 
Belle Glade. 

(1) Rogers, L. H. and Hughes, R. C., Proc. 'Vol. II, Soil Science Society 
of Florida, pp. 69-67, 1940. 
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done with it before it can be regarded as fully routine. The 
principal trials were made as a rough quantitative procedure 
by running samples of known levels of the unknown elements 
under a set of standard conditions as to pellet size and exposure 
characteristics and then plotting line density and quantity of 
element curves before running the unknown sample and com¬ 
paring it with the standard curve. Some of the advantages are, 
of course, speed thru the avoidance of the tedious ashing proce¬ 
dure and its accompanying dangers of contamination and losses. 

While the pelleting procedure is subject to numerous possible 
errors it was found quite satisfactory, for instance, in roughly 
determining the molybdenum content of forage samples. Doubt¬ 
less the greatest source of error is the lack of homogeneity in 
the plant sample under study as only 1/10 gram of sample was 
taken for the purpose and this could not be ground or homo¬ 
genized in any way without quite special equipment. Thus one 
of the most difficult problems in connection with the pelleting 
procedure is the preparation of the sample itself, especially in 
the case of plant parts, in order to insure that a truly repre¬ 
sentative portion is taken for the small amount that can be in¬ 
cluded in the pellet. 

In the meantime all samples that have been ashed for spectro- 
analysis have been processed at the lowest possible heat. How¬ 
ever, as intimated above, in order to burn to an acceptable ash, 
samples must ignite at some time or other and they are then 
exposed to an uncontrolled temperature even though it may be 
only for a comparatively brief period. 

Rough Estimate Proceduke 

In the rough estimate procedure weighed amounts of the 
ashed soil, plant or animal materials are burned in the arc in 
juxta positions on the plate against the spectrum of a synthetic 
standard containing varying amounts of 30 to 40 elements of 
potential interest that are detectable on the plate under the con¬ 
ditions of test. In the case of plant materials the base is largely 
made up of sodium, potassium, calcium, magnesium and phos¬ 
phate while in the instance of most mineral soils in Florida it 
is largely silica, depending considerably upon soil type. Of a 
group of some 34 trace elements so listed for routine examination 
of plates the limit of detection of 26 of them was placed at 1, 
2 at 4, 1 (zinc) at 6 on the large Littrow Spectrograph and at 
1 on the Zeiss, 2 at 7, 2 at 8 and 1 at 10. 

Thus, by running 2 plates with a proper control, reference 
estimates can be had on 30 elements or more with the sensitivity 
varying, of course, for each element. The major elements cal¬ 
cium, sodium, magnesium and potassium can be read as low as 
1 p.p.m. whereas the sensitivity of phosphorus is very poor. The 
operation of this method is shown quite clearly in certain papers 
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of the Symposium referred to above (2) where many trace ele¬ 
ment values are reported on soils as well as plant materials. 

As the term indicates, the rough estimate procedure lends 
itself especially well to exploratory or survey types of study. This 
of course makes it especially useful in such a field as agriculture 
that involves so many different though closely related materials 
(soils, fertilizers, plant and animal tissues) and particularly 
on account of the many complex biological factors that may be 
involved at different times. Discoveries by this method that 
have had a tremendous infiuence on Florida agriculture which 
might be mentioned must always include cobalt and molyb¬ 
denum, as well as zinc. The former was first detected by this 
means as the beneficial element in a particular source of pyrites 
in New Zealand capable of curing what was known over there 
as “Bush Sickness,’’ the apparent equivalent of one of our most 
severe forms of “Salt Sick” in Florida. Likewise molybdenum, 
an element now to be reckoned with where excesses are to be 
found in the herbage as, for instance, on some of our organic 
soils, was first observed in Dallis grass from the Everglades Sta¬ 
tion with the use of the spectrograph. Again, it was through 
the use of the spectrograph that zinc was first established as the 
deficient element in the well known “Frenching” of citrus that 
has caused very heavy losses to this industry in the past. In 
this instance it was the small Zeiss unit that was used since it 
was found to be much more sensitive to this element at the time 
of these studies than was the large Littrow. 

Quantitative Procedure 

This procedure consists largely of adding a known quantity 
of an internal standard to a known quantity of homogenized ash 
of the unknown. This standard can be any element not found in 
the sample in appreciable quantity but should be so selected that 
its excitation characteristics match those of the unknown ele¬ 
ment (s) as closely as possible. Elements in common use for this 
purpose are palladium, tellurium and tin. 

After thoroughly mixing with the standard, a non-specific 
quantity of the mixture is burned in the arc in such manner as 
to give specific lines of reasonable density. The intensity ratios 
of the unknown to the standard element are then determined by 
the process of determining line density with the microphotometer 
and then calculating the correction by plate calibration for back¬ 
ground density. 

. The accuracy of the method is dependent largely on the se¬ 
lection of an internal standard the various characteristics of 
which match those of the unknown as closely as possible. With 

(2) Symposium—The “Trace” or “Micro” Elements in the Sei-vice of 
Florida Agi-iculture. Proc. Vol. II, Soil Science Society of Florida, pp. 
51-115, 1940. 
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a properly selected pair the method should be reproductible with¬ 
in an error of 5 percent. However, in the interest of speed in 
the face of large numbers of samples to be studied, and in the 
need for multiple determinations, the method has been expanded 
to compare as many as six unknowns with one internal standard. 
Certain errors developed in setting up this procedure but these 
were determined largely to be due to definite variations in the 
excitation temperatures of the standard element and the un¬ 
known. 

In consequence of these trials it was determined that for all 
practical purposes most of the elements of interest in this field 
could be placed in one of three groups where any element in the 
same group would serve as a suitable standard for any other of 
the group. These groups were formed by establishing the amount 
of excitation that developed in individual elements at various 
times during the arcing. Thus, one group, well represented by 
copper and tin, burns early since only a comparatively low temp¬ 
erature is required for their excitation. A second group, in¬ 
stanced by calcium, has a rather constant degree of excitation 
during the entire period of burn. A third group, e.g. aluminum 
and beryllium, requires the highest temperature and its mem¬ 
bers are, therefore, the last to appear on the plate. 

It has been found that to develop the highest degree of ac¬ 
curacy, advantage must be taken of the use of double (e.g. cop¬ 
per and tin or iron and palladium) and even of triple standards. 
In this case particular care must be used in the selection of the 
standards to get them from the same excitation group since we 
now know that failure to match in this respect can prove the 
greatest source of error. In addition to the above and in order 
to attain greatest accuracy the lines of the unknown and of the 
internal standard should be of approximately the same wave 
length and the plate calibration curve must be run at that wave 
length. Therefore a series of plate calibrations will be necessary 
for best accuracy in different regions of the spectrum. With good 
care in the handling of all these limitations, errors as low as 
5 percent should be attainable. 

Summary 

The principal trace elements of interest to Florida Agricul¬ 
ture and to which most attention is being given at the present 
time are seven in number, namely copper, manganese, cobalt, 
zinc, iron, boron and molybdenum. 

The place of the spectrograph in any comprehensive study 
of these and other trace elements in such a complex biological 
field has been well established though the methodology of the 
approach is constantly in need of improvement. 

While the outstanding individual findings to date in this field 
in Florida thru the use of the spectrographic technic have been 
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cobalt in relation to “Salt Sick,” molybdenum in certain muck 
grown forages in relation to scouring of cattle and the consequent 
need for extra medication with copper, and the deficiency of 
zinc in relation to citrus “Frenching” under certain conditions, 
it also has helped tremendously in the study of certain inter¬ 
relationships of these elements in the animal body such as that 
of cobalt intake in the steer to a much more favorable storage 
of copper in the liver of the animal under otherwise identical 
conditions. Its extensive use in the routine analysis of soil, plant 
and animal samples also has helped immensely in the handling 
of many problems and it doubtless will be of even greater as¬ 
sistance in the future if requisite time and effort are given to 
the improvement of the methods presently in use. 



POLAROGRAPHIC ANALYSIS FOR MINOR-ELEMENTS 

IN PLANTS 
W. L. Lott* 

Applications of minor-elements to correct abnormalities in 
plants were studied as early as 1927 in North Carolina by L. G. 
Willis (7). Despite these early beginnings, there is little definite 
information as to the frequency of occurance of minor-element 
deficiencies and the soil types involved. The use of plot tests for 
locating sites where crops respond to applications is obviously 
tedious and expensive. Surveys by foliar analysis seem likely 
to be more efficient in finding deficiency areas. A survey of this 
kind was carried out in 1948 in connection with studies of the 
mineral nutrition of strawberries. Leaf samples were collected 
from 300 commercial fields for determination of copper, zinc, 
manganese, and magnesium. The analytical procedure developed 
for this work included the use of the polarograph for copper and 
zinc. Aspects of these determinations will be discussed here. 

Leeds and Northrup Company (2) have just released a bibli¬ 
ography of polarographic literature, containing 2208 references. 
Relatively few are concerned with the analysis of biological ma¬ 
terials. Thus, of seventy-five on copper, only nineteen are for 
biological samples. For zinc, fifteen of ninety-one articles are 
concerned with biological materials. For manganese, there are 
two; for cobalt, two; for molybdenum, one; and for boron, none. 

In the United States, microgram quantities of copper have in 
most instances been determined by colorimetric methods, the 
most popular of which have utilized “dithizone” or sodium di- 
ethyldithiocarbamate as color-forming reagents. Many proce¬ 
dures have employed dithizone for segregating the trace-elements 
before measurement by other means. Reed and Cummings (5) 
however, for a polarographic method, removed interfering iron 
and aluminum by precipitation with an excess of ammonium hy¬ 
droxide. The filtrate containing copper was evaporated to dry¬ 
ness and the residue dissolved in a supporting electrolyte of acid 
sodium citrate for obtaining polarograms. In a similar procedure 
for zinc by the same authors (4) the iron and aluminum were pre¬ 
cipitated by adjusting the solution of plant ash to pH values be¬ 
tween 4 and 5. The filtrate was evaporated to dryness and the 
residue dissolved in a supporting solution of ammonium acetate 
and potassium thiocyanate for making polarograms. These pre¬ 
cipitation methods of separation, despite their simplicity, have 
evidently not been used widely by other workers, probably be¬ 
cause of the opportunities for losses by absorption on the pre¬ 
cipitates, and contamination from the filter paper. 

T 3 q)ical methods employing dithizone to isolate zinc for de¬ 
termination by the polarograph are those of Takazawa and Sher- 
man (8) a nd of Walkley (6). Holmes (1) published a method 

*—^Research Professor, Dept. Chemistry, Agr. Expt. Station, Raleigh, N. Car. 
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for the determination of zinc, cobalt, copper, and lead in soils 
using dithizone. Copper was extracted at pH 2.5 (thymol blue) 
and zinc was then extracted from the same solution after the pH 
value was adjusted to 8.3 (thsonol blue). Both zinc and copper 
were measured by means of the colored dithizone complexes. 

For the strawberry foliar analysis survey mentioned earlier a 
procedure was sought which would permit the determination of 
both copper and zinc in aliquots of the same sample. Holmes 
method seemed promising for isolation of the two elements, but 
was found unsuccessful due to the fact that about one-third of 
the zinc in the sample was extracted with the copper at pH 2.5, 
giving low values for zinc from the subsequent extraction at 
pH 8.3. This difficulty was surmounted by extracting both zinc 
and copper together at pH 8.3, diluting to known volume, and 
using separate aliquots of the extract for copper and zinc, re¬ 
spectively. It would be advantageous to determine both zinc and 
copper polarographically in the same solution, but no supporting 
electroljiie has been found which permits the determination of 
both metals in the same solution at the low concentration levels 
found in plant samples. The convenience afforded by such a solu¬ 
tion to support polarograms of copper at 2 to 8 micrograms and 
of zinc at 7 to 30 micrograms per milliliter would justify the ex¬ 
penditure of considerable time and effort directed toward its 
discovery. 

Reed and Cummings (5) observed that copper was lost from 
plant tissue samples during dry ashing, and recommended that 
perchloric acid digestion be used instead, no losses being occas- 
sioned by this procedure. 

In the light of the foregoing considerations, the following 
procedure was developed and found satisfactory for foliar analysis 
of strawberry, the results of which have served to locate fields 
which were later shown to be definitely deficient in copper. 

The fresh leaves were rinsed free of adhering soil by means 
of water redistilled from a Pyrex glass still, with light scrubbing 
of the leaf between finger and thumb where necessary, followed 
by rapid rinsing in two changes of re-distilled water. The excess 
moisture was shaken off and the leaf blades dried in an oven with 
forced circulation at 80 degrees centigrade. The dried leaves were 
ground in a small Wiley mill having no brass or bronze parts. 

Two-gram portions of the sample were weighed into 50 ml. 
Kjeldahl flasks fitted with ground glass stoppers and having cali¬ 
bration at 50 ml. Two ml. of cone, nitric acid was added to each 
flask, which was then placed in a beaker on a warm hot-plate. 
When reaction had slowed somewhat, 2 ml. more of nitric acid was 
added and the heating continued. A third 2 ml. portion of nitric 
acid was added followed immediately by 2 ml. of 60% perchloric 
acid. The temperature of the hot-plate was gradually increased 
until oxidation of the organic matter was complete, leaving a 
colorless solution. Occasionally the digest would char somewhat, 
near the end of the digestion. The addition of two drops of con- 
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centrated nitric acid served to discharge the brown color. In 
some cases this color reappeared and was discharged by further 
2-drop portions of nitric acid until finally the digest became perm¬ 
anently colorless. 

To the cooled digest in the flask was added 10 ml. of water, 
which was then boiled for a few seconds by heating over a gas 
flame (with agitation to prevent bumping) to expel free chlorine 
and to dissolve the salts present. After cooling, the solution was 
diluted to 50 ml. and 40 ml. aliquots transferred to a 200 ml. 
separatory funnel. The remaining ten ml. was used for determi¬ 
nation of manganese and magnesium. To the solution in the fun¬ 
nel was added 3 ml. of 50% ammonium citrate and five drops of 
0 . 05^1 thymol blue. Ammonium hydroxide was added until the 
red solution changed through yellow to blue. Five ml. of 0.2% 
dithizone in carbon tetrachloride were added and the funnel stop¬ 
pered and shaken vigorously for one minute. The funnel was 
then allowed to stand until the solutions separated (five minutes) 
and the carbon tetrachloride layer was drawn off into a 25 ml. 
volumetric flask. The extraction was repeated with two more 
5 ml. portions of dithizone solution, and the three extracts were 
collected in the same flask and diluted to 25 ml. with carbon 
tetrachloride. 

A 10 ml. aliquot was withdrawn and transferred to a 20 ml. 
pyrex beaker for the determination of zinc. The carbon tetrachlo¬ 
ride was evaporated by gentle heating on the hot-plate. To the 
dry residue in the beaker was added 0.5 ml. cone, nitric acid, 0.5 
ml. 60% perchloric acid, and two drops cone, sulfuric acid. The 
temperature of the hot-plate was gradually raised until only the 
sulfuric acid remained in a fuming state. The beaker was trans¬ 
ferred to a muffle furnace at 400 degrees centigrade for five 
minutes to expel the remaining sulfuric acid. At this point zinc 
and copper sulfates remained as a faint white residue in the bot¬ 
tom of the beaker. The latter was cooled and exactly one ml. 
of supporting electrolyte (6) (0.1 N NH.Cl, 0.02 N KCNS and 
0.0002'f methyl red) was pipetted into it, bringing the solution 
in contact with the sides of the beaker. After standing for 3 
to 5 minutes, the solution was poured into an electrolysis vessel 
and the latter was connected to the polarograph. Pure nitrogen 
gas was bubbled through the solution for 3 minutes. The polaro- 
graphic current-voltage curve was then plotted for the range 
—0.75 volt to —1.4 volt. Known amounts of zinc sulfate (0 to 30 
mierograms of zinc) were evaporated to drjmess in 20 ml. beakers 
and taken up in supporting solution for plotting polarographic 
curves to produce a calibration curve of wave height versus con¬ 
centration of zinc. From this graph, the levels of zinc in the 
samples were then read. Subsequently, two or three standards 
(20 micrograms of zinc) were run with each lot of 12 samples, to 
check the validity of calibration. 

Copper was determined in the remaining 15 ml. of dithizone 
extract by transferring it to a 20 ml. beaker and converting the 
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metals to sulfates exactly as for zinc above. The cooled beaker 
containing the sulfates then received 1 ml. of the supporting elec¬ 
trolyte of Reed and Cummings (5) (equal volumes of 0.5 M 
NaOH and 0.5 M citric acid plus 0.005% acid fuchsin). After 3 to 
6 minutes of contact with the beaker, the solution was trans¬ 
ferred into a polarographic cell, de-oxygenated with nitrogen gas 
for 3 minutes, and the current-voltage curve plotted for the 
voltage range 0 to —0.6 volt. Known amounts of copper sulfate 
evaporated to dryness in 20 ml. beakers served as standards for 
ascertaining wave heights and these were plotted against con¬ 
centration of copper in the solutions electrolysed. From this 
graph, the quantities of copper in samples were read. As for 
zinc, two to three standards (5 micrograms Cu) were run with 
each lot of 12 samples. 

The procedures described here have served to measure quan¬ 
tities of copper ranging from 2 to 8 micrograms and of zinc 
ran^ng from 5 to 25 micrograms from samples of plant material. 
Precision of these determinations was found to lie within 10% 
of the amount of the element being determined and commonly 
averaged about 59? for determinations carried out on the same 
sample on different days. 

Purification of reagents, where necessary was carried out by 
the methods described by Piper (3). Perchloric and sulfuric acids 
of C. P. grade were found to be sufficiently pure. Hydrocloric 
acid and ammonium hydroxide were redistilled from Pyrex. 
Ammonium citrate was extracted with dithizone. Carbon tetra¬ 
chloride was re-distilled when test showed the presence of in¬ 
tolerable impurities in a given lot. Dithizone solutions were pre¬ 
pared according to Piper. Commercial nitrogen gas was used 
without purification. With these precautions, blank determina¬ 
tions commonly yielded about 0.3 microgram of copper and 1.0 
microgram of zinc. 

Sample values were always corrected for the quantities found 
in the blanks which were run with each lot of 12 samples. 
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THE ADVANTAGES OF THE FLAME PHOTOMETER 
IN SOIL AND PLANT ANALYSIS 


W. T. Forsee, Jr.'" 

Although the flame photometer, to a certain extent, is more 
limited in its application than the spectrograph, it is flnding wide 
acceptance as an instrument for the determinations of sodium, 
potassium, calcium, magnesium and manganese in solutions con¬ 
taining these elements. With improved electronic circuits and 
better burners its use soon may be extended to include more of 
the minor elements, such as copper. 

In the soil testing laboratory the flame photometer will quick¬ 
ly pay for itself by the time saved in determinations of potassium. 
Analyses for this element by the cobaltinitrite precipitation meth¬ 
ods require considerable time while the more rapid turbidimetric 
procedures are entirely unsatisfactory unless temperature and 
other conditions during manipulation are very rigidly controlled. 
Even these methods, especially the latter, lose their required 
accuracy at low levels which are usually encountered with sam¬ 
ples of soils low or deficient in potassium. With a flame photo¬ 
meter a single operator may develop the skill and technique which 
will allow the determination of potassium on as many as 100 soil 
extracts per hour. Furthermore, the results usually are found 
to be reproducible even at very low levels of potassium. 

Tests made on a Beckman flame photometer equipped with the 
original type, large, metal burner with chimney indicate some 
slight interferences in the excitation of one element by another, 
but not sufficient to introduce errors which might be objectionable 
in routine soil tests. Sodium may increase the reading of a 15 
ppm. potassium standard approximately 6 percent at 25 ppm. 
of the element and as much as 20 percent at 90 ppm. Such high 
values for sodium are seldom found in soil samples under con¬ 
ditions usually encountered in South Florida. Calcium up to levels 
as high as 3000 ppm. showed no effect on the excitation of po¬ 
tassium with a standard containing 15 ppm. potassium. Mag¬ 
nesium up to 150 ppm. showed no effect on the same standard. 

Sodium, potassium or magnesium at the highest levels usually 
found in soil extracts showed no effect on calcium determinations 
ranging from 0 to 1500 ppm. Sodium, potassium or calcium had 
no effect on magnesium readings. Preliminary tests with man¬ 
ganese indicate no pronounced effects due to the presence of so¬ 
dium, potassium or calcium at the highest levels normally present 
in soil extracts. 

Considerable time in converting the readings to ppm. or pounds 
per acre in the sample may be saved by adjusting the slit width 

'—Chemist, Everglades Experiment Station, University of Florida, Belle 
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and sensitivity for each set of readings in such a way that two 
standards representing positions on the curve will read approxi¬ 
mately on the predetermined standard curve. By following this 
procedure the sample readings may be converted to the desired 
values by reading directly from tables prepared from the origi¬ 
nal standard curve. These standard tables may be used indefi¬ 
nitely without recalibration. Such a procedure is well adapted to 
routine soil testing where speed may be a more important factor 
than quantitative accuracy. 

The fiame photometer is equally well adapted to extracts of 
fresh plant tissue and solutions of soil or plant ash. The same 
solution should be used for extraction of the tissue or dissolving 
of the ash samples as is used for the standard solutions. This 
also may be the same solution used for extracting soil samples, 
thus making the same standards applicable to all types of analy¬ 
ses. 

Flame photometry has contributed a great deal to the speed 
and accuracy of chemical analyses and no doubt will find wider 
fields of application as improvements are made in the design and 
operation of the equipment. 



A MICROBIOLOGICAL ASSAY FOR AVAILABLE BORON 

IN SOILS 


S. N. Edson, A. F. Novak, F. B. Smith- 

It is generally agreed that correlation of chemical soil tests 
and actual crop requirements leaves much to be desired. This 
appears to be particularly true for boron. A partial explanation 
in this instance is indicated by the fact that boron may not be 
absorbed by the soil colloid like copper or zinc ions. A very 
slight application of borax above that needed by plants causes 
injury (13). Recognizing this, Schuster and Stephenson (10) 
developed the sunflower-pot-culture test for boron deflciency in 
soils. Results from this test are satisfactory but the method is 
time consuming and expensive. Steinberg (11) suggested the 
use of fungi to determine the essentiality of minor elements be¬ 
cause of the similar physical and biochemical relationships of 
these microorganisms to the higher plants. Mulder (8) demon¬ 
strated this possibility earlier with his Aspergillus niger test 
for available copper in his investigations on the “reclamation 
disease” problem in Holland. 

From 1939 to the present date, the occurrence of boron de¬ 
ficiency has been observed, especially in the sandy soils of the 
coastal plains. 

Jones and Scarseth (4) observed that high lime soils re¬ 
quired more boron than acid soils and that applications of lime 
limited the availability of boron to plants. Midgely and Dunklee 
(7) found that calcium, barium, magnesium, and sodium car¬ 
bonates were equally effective in fixing borates in soils, which 
strongly suggested that reaction may be the controlling factor in 
boron fixation. These workers demonstrated that boron fixation 
in alkaline soils was of a temporary nature. Naftel (9) sug¬ 
gested that liming soils stimulated microbiological activity to the 
extent that available boron is depleted. Hanna and Purvis (3) 
substantiated this claim to some degree by showing a rapid rise 
in carbon dioxide evolution when either lime or boron was added 
to acid soils. They proposed the use of this phenomena as a bio¬ 
logical test for boron, and found Tiichodeima viride to be es¬ 
pecially sensitive to these changes 

Marked response to boron by various species of PeniciUium 
was shown by Kofiier et al. (6) while investigating the possible 
use of boron to increase penicillin yields and inhibit bacteria. 
PemciUium chrysogenum, Strain NRRL-1951-B25 was especially 
sensitive to various boron levels. 

The purpose of this investigation was to develop a micro- 
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biological assay for available boron in soils. Studies on the prac¬ 
tical application of the method are being continued. 

Experimental 

Selection of Soils and Determination of the Approximate 
Boron Content 

Random samples of Lakeland fine sand were taken from var¬ 
ious locations in Alachua County where the soil was known to be 
deficient in boron. The approximate boron content of four sam¬ 
ples of this soil was adjusted by treating with sufficient borax 
to roughly simulate deficient, adequate, abundant, and toxic con¬ 
ditions. A final analysis of the soils was made by the mannitol- 
titration procedure (2) to establish an approximate boron rating 
for the different samples. The results are tabulated as follows: 

Table 1. 


Approximate Boron Rating op Four Samples 
OP Lakeland Fine Sand (Chemical Method) 
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Methods op Procedure 

A standard complete mold nutrient medium was selected 
that had been tested in actual practice. Barton-Wright’s (1) 
modification of Stokes’ medium was used, principally because it 
contained all factors that permit a rapid development of mycel¬ 
ium and little or no sporulation (12). These factors include 
organic acids and a high Zn content, in addition to sources of 
Na, Cl, Mg, and Ca not commonly found in other media. 

The optimum growth range for both Penicillium ehryso- 
genum and Trichoderma viride was established by plating out 
these molds at 0, 0.1, 0.25, 0.5, 1.0, 3.0, and 6.0 p.p.m. of boron, 
using Barton-Wright’s medium plus 2% of washed agar. This 
procedure was repeated, using 10% CaCO, in the medium, which 
brought the reaction from pH 4 to pH 6. The latter step was in¬ 
stituted in order to note any changes in the response to boron 
because of the weaker acid condition. 

The representative unknown sample of soil was depleted of 
boron by saturating an amount of dry soil with C. P. methanol 
(5). In the absence of water, H„BO. forms volatile esters with 
the alcohols. Fixed or slowly available amounts of boron were 
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not considered in this study, since the readily available and not 
the fixed or slowly available amounts of boron was the object 
of this investigation. This procedure was considered satisfactory 
for all general purposes. 

In order to prevent any major chemical changes in a stand¬ 
ard medium, especially when subjected to the heat necessary 
for sterilization, only 1 gm. of soil to 10 ml. units of nutrient 
was used. The small amount of soil in proportion to the large 
amount of nutrient was further selected because it was desirous 
that the buffer capacity of the medium remain unchanged in case 
soils of high alkalinity were tested. 


At 

* f y f 



Piguie 1—Cultuie flask setup foi absoibing CO. evolution m KOH solution 

duiing incubation 

For the final procedure, 250 ml. fiasks were selected for the 
boron response series as well as for the duplicate unknown. 
The prescribed amounts of soil and nutrient were added and 
each fiask marked as to its boron content. After autoclaving, in¬ 
oculation, and incubation, the variation in the amount of mycel¬ 
ium produced by the different boron levels was considered to be 
proportional to the amount of CO^ evolved (3). With this in 
mind, the CO 2 was measured by absorbing the gas in 10 ml. of 
0.5 N KOH solution, which was conveniently added through a 
large tube (Fig. 1) at the mouth of the flask, prior to incu¬ 
bation. After a specified period of time, an excess of 2N BaCU 
was added to each flask, and the free alkali titrated directly 
with 0.5 N HCl using thymol blue indicator. The entire pro¬ 
cedure was performed without moving the test tube from the 
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flask. The mis. of standard acid needed to arrive at a definite 
yellow color was plotted directly on a graph to represent a 
growth curve. The results from the unknown sample were ob¬ 
tained in a similar manner and interpreted on the standard 
curve. 


Results 

All plates were incubated at 28 C. At the termination of 72 
hours, only Pemcilhum chrijsogenum exhibited any boron re¬ 
sponse in the acid series. For the Ca-treated series, both of the 
molds showed as much as 100increase in growth and a defi¬ 
nite response to boron. Within a few hours later, both molds 
quickly overgrew the plates, revealing that only the initial 
growth period appeared to be affected. The greatest variation 
to boron in the acid series occurred between 0 and 1 ppm 



Piguie 2.—Giowth curve based on titiation values showing CO. evolution 
during peiiod of incubation. 


From 1 to 3 p.p.m., there was a slight variation and the actual 
inhibition at 6 p.p.m., indicating an optimum at about 3 p.p.m. 
of boron. For the CaCO, treated series, the same conditions 
occurred, except the optimum changed to near the 6 p.p.m. boron 
level. This appears to substantiate the claims of earlier work¬ 
ers. For the final results, it was decided to use Penicilhum Chi y- 
sogenum in an acid medium with a range from 0 to 1 p.p.m. 
of boron. 

A standard growth curve was made by using five 250 ml. 
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flasks containing 0, 0.1, 0.25, 0.6 and 1.0 p.p.m. of boron, re¬ 
spectively, and following the procedure described above. In¬ 
oculation was accomplished by adding one drop of a heavy spore 
suspension of Penicillium chrysogeniim to each flask. After 72 
hours, a definite visual difference was apparent in the number 
of colonies corresponding to the different amounts of boron 
present in the flasks. After titration, the standard growth curve 
was plotted (Fig. 2) and the duplicate unknown sample referred 
to this curve for determination of readily available boron. 

The results obtained are presented in Table 2 for compari¬ 
son by the chemical method. 


Table 2 


Comparison Of Boron Rating Op Four Samples 
Op Lakeland Fine Sand by Biological and 
Chemical Methods. 


Sample 

Boron Rating 

p.p.m. 

Boron 

Biological 

Chemical 

A 

Deficient 

Trace 

Trace 

B 

Adequate 

0.1 


c 

Abundant 



D 

Toxic 




Summary 

A preliminary study of a microbial test for available boron 
in soils is reported. Penicillium chrysogenvm, strain NRRL- 
1951-B25, appeared to be superior to Trichoderma viride in its 
response to boron. 

The addition of 10'"( CaCO, increased the growth of both 
molds as much as 100‘^4 and increased the optimum boron re¬ 
sponse from 3 to 6 p.p.m. The greatest variation appeared to 
be from 0 to 1 p.p.m. of boron; this occurred within a narrow 
range of 50 to 72 hours. Thereafter, the growth quickly equal¬ 
ized in all flasks. The medium changed from acid to alkaline 
conditions, probably due to the loss of carboxyl groups by ex¬ 
cessive CO 2 evolution and the accumulation of the basic ions 
that do not enter to any extent into the structure of the tissue. 

The investigation indicates that many soil fungi may be 
similar to higher plants in the variation and response to boron. 

Penicillium, chrysogenum was found to respond to various 
levels of boron under similar conditions of physical and chemical 
environment. This response was determined by the number of 
colonies present in the flask and by the amount of CO^ evolved. 
This method appears to have merit as a microbiological assay 
for boron in soils. 
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B. TRACE ELEMENT RELATIONSHIPS TO THE HEALTH 
AND GROWTH OF PLANTS AND ANIMALS 


TRACE ELEMENT RELATIONSHIPS OF THE NORMAL 
GROWTH OF AGRICULTURAL PLANTS ON THE 
ORGAmC SOILS OF FLORIDA 

R. V. Allison" 

It is an interesting fact that at precisely the same time the 
first systematic studies of trace element relationships to plant 
growth on the organic soils of the Everglades were begun at the 
Everglades Experiment Station (Spring, 1927) the Brown 
Company of Portland, Maine and Berlin, N. H., made their 
first “test planting” of 1,000 acres of peanuts on identically the 
same type of soil on their extensive plantation, then known as 
Shawano, on the Hillsboro Canal about 12 miles below the Station, 
down in the heart of the Everglades. It was at this same time, 
too, that Mr. George E. Tedder, who had been Foreman of the 
Everglades Station since December 10, 1923, made the flat offer 
of $5.00 per bean ) for every bean ever to be grown on “saw- 
grass land,” so often had he seen planting after planting of all 
kinds of crops come up hopefully only to wither and perish with¬ 
out exception. Snap beans were of course understood. 

Before briefly discussing the results of those early tests at 
the Experiment Station and the numerous others that have fol¬ 
lowed, it if regrettable to report that, due to the absence of treat¬ 
ment with copper in any form, not a single, mature peanut was 
developed on the entire 1,000 acres down at Shawano that had 
required many tons of seed for the planting. It is likewise re¬ 
grettable that Mr. Tedder’s earthly estate must needs find itself 
so wholly inadequate to meet the gigantic responsibility which 
he flung against it with such well-meaning abandon that Spring 
morning in 1927 in view of the developments that have followed. 
For if George were really to assume that responsibility and 
“Pay up,” the National Debt quite readily could be wiped out 
with a single Postal Order from Belle Glade and, additionally, 
without cutting into the main body of the accumulated and ac¬ 
cumulating revenues too greatly, enough moneys set aside to 
refurbish the whole earth against the enormous physical damage 
done by the most recent world war. In other words the good 
peat soil of the Everglades has produced many a bean since that 
time and is still producing them by the tens of thousands of 
hampers each year, due first to copper and second to manganese, 
insofar as the trace element relationships that have been de- 
veloped ar e concerned. Zinc and boron have shown almost equal 
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indispensability for other crops under certain conditions so that 
these four elements have indeed proven themselves the “Four 
Horsemen” of Everglades agriculture, the developing need for 
phosphate and potash with the progress of cultivation and crop¬ 
ping out of the soil being taken for granted, of course. 

The initial set of trace element treatments referred to above 
involved a dozen chemicals and other materials including copper, 
manganese, and zinc, all in the sulfate form at different rates 
per acre. These treated plots were laid out in duplicate on fresh¬ 
ly-cleared, very raw, sawgrass peat as long, narrow areas in such 
a way that a wide variety of agricultural plants could be planted 
across all of them as continuous rows interrupted only by narrow 
alleys running lengthwise between the plots. The nature of the 
sawgrass cover in those early days is well shown in Figure 1. 

The Primary Plant Response 

Inasmuch as these first plant responses to copper, man¬ 
ganese and zinc were outlined in some detail in Bulletin 190 
(1927) of the Florida Experiment Station and have been referred 
to quite frequently since that time they now will be passed over 
quickly, the response taken for granted, as it were. However, 
since the above bulletin has been out of print for many years, 
a few of the photographs on a small scale will be included at 
this time especially to show the wide range of agricultural plants 
definitely requiring these trace elements for normal growth 
under the native conditions that prevail in this organic soil 
which is now officially known as Everglades peat. Particular re¬ 
ference is, of course, to copper in the raw, unburned, peat. The 
photographs of Figs. 2-8 with their brief legends appended really 
tell the story much better than words regarding these responses 
of all field and truck crops to these elements. 

An unusual copper deficiency pattern is shown in Fig. 9 on 
the leaves of the sugar cane variety Coimbatore (Co.) 281. This 
frequently was mistaken for mosaic in the early days when the 
occurrence of such deficiencies in this and other farm crops 
of the ai’ea were the rule, rather than the exception, as at present. 

Unusual responses likewise were obtained in those early 
days from a number of different materials. Mention already has 
been made of compost. Caustic lime also should be included. 
Then too, there was observed an extremely interesting plant 
response to treatment of the raw soil with creosote. The reaction 
of sugar cane to this material is shown in Figures 10 and 11. 
Further interesting observations as to the nature of these es¬ 
sential growth factors were made by layering canes from parent 
stools, where the soil had been well treated with copper and 
other necessary elements, down into raw soil that had received 
no treatment whatsoever. The extraordinary response to such a 
continuing contact with the parent stool is shown under green¬ 
house conditions in Figure 12 and under field conditions a little 
later in Figures 13 and 14. 
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The same type of complete responses also were obtained thru 
the use of copper on tree crops, as are well shown in those appear¬ 
ing in Figures 15-18. 


Manganese 

While copper in one form or another has proven completely 
indispensable, even though it be present only as traces in com¬ 
post or other crude chemical compounds, it was soon found that 
where the soil pH is near or above neutral (7.0) manganese be¬ 
comes unavailable for a wide variety of plants as shown in 
Figures 19-22. When this condition occurs response is obtained 
by several means but notably by soil treatments vdth manganese 
or with sulfur or by dusting or spraying the element directly on¬ 
to the foliage of the plant in one form or another. 

Here again tree crops, such as palms, suffer the same as 
smaller plants when the availability of manganese becomes too 
much depressed by excessive lime in the soil. The four Figures 
23-26 showing several different varieties of palm trees in the 
Palm Beach area are illustrative of this condition. These were 
some of the first treatments with manganese in this area. While 
these trees were on highly calcareous mineral soils, the response 
of these palms on high-lime organic soils is essentially the same. 
All survived as a result of manganese treatment in some form 
although all were near death at the time of treatment. These 
early studies have been followed up very energetically through 
the years, first, by Mr. John R. Wilson, and later by others, 
with excellent success on a commercial scale. It was at about 
this same time that the first response of citrus to manganese 
was obtained on a high lime section of the “Home Grove” of 
Mr. Walsh at Davie, where in his riding operation he had prac¬ 
tically capped his planting ridge with marl brought up from 
beneath the comparatively shallow layer of peat at the south 
end of his planting. These results were reviewed at the 1931 
meeting of the State Horticultural Society and published in the 
Proceedings of the Society for that year. 

Combination Treatments 

As might be expected, where a particular soil environment 
contains deficiencies of more than one element, nothing like 
normal growth in a plant requiring both could be expected from 
the use of either alone. This relationship became very obvious 
in the very first trials referred to above where the peanut plant 
was involved and under conditions of copper application to the 
soil (30 pounds per acre of bluestone in the row) immediately 
prior to the planting of the seed. The seeds on all treatments 
germinated promptly and came up uniformly but stopped grow¬ 
ing on all plots after ten or twelve days, including those on the 
copper treatment. They then assumed either a low dense rosetted 
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form in the top with leaves yellowing and spotted, as shown in 
Figure 27, or grew up a few inches in tiny spindling plants. This 
was not true of the plants on the zinc treatment since they con¬ 
tinued growth right on thru this early period but it was of a 
more erect, spindling type though they never grow to more than 
6 to 8 inches in height. This delay in the early copper response 
and prominent activity of the zinc response thru the early 
period of growth naturally raised the question of prospective 
benefit from a combination treatment. It was largely on account 
of this strikingly differential response that the first, more detailed 
study to follow the very first treatments was with peanuts on 
fair sized plots with individual and all possible combination 
treatments of copper, manganese, zinc, caustic lime and stable 
manure, all five materials having given various degrees of re¬ 
sponse on different plants when used individually in the first 
tests. 

Reference will be made in these studies only to the copper- 
zinc response since it was so outstanding and so well demon¬ 
strated the point under test and discussion. Again, the plants 
on the copper treated plots came up to a good stand and, for 
the first five or six weeks looked very much like the plants on 
the untreated (check) plots. On the other hand, each of the 
uncoppered plots that received zinc again exhibited the same 
continuity of early growth observed before, but only of a spind¬ 
ling, abnormal type that eventually came to naught. In the 
instance of the combined treatment with copper and zinc, how¬ 
ever, there was no delay whatsoever in the normal growth of 
every peanut plant on each plot receiving simultaneous treatment 
with both elements. Regardless of whatever other components 
any of the treatments contained, the copper-zinc combination 
was outstanding in the promptness, continuity and completeness 
of its response as is evident in Figure 28 where the plants from 
the dual treatment matured 5-6 weeks ahead of those receiving 
only the copper treatment. This response was well emphasized 
by the yield data which grew out of these plots. While no sdeld 
whatsoever was obtained from uncoppered plots, good yields 
and an early harvest came from the plots receiving the copper- 
zinc combination and a good yield but delayed harvest from 
those receiving only copper sulfate. A closeup view of some of 
these plots is shown in Figure 29 while Figure 30 shows, above, 
a general view of the experimental setup before the storm of 
September 1928, and, below about a fortnight following it. 

These reactions were discussed before the Plant Physiology 
Section of the American Association for the Advancement of 
Science in December, 1928 in New York but the paper was not 
published at that time. 

In subsequent studies on these same plots, after converting 
to general fertility work due to scattering of trace element 
treatments by the storm, and including adequate amounts of 
phosphorus and potash, along with supplemental trace element 
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treatmerts, yields up to 3000 pounds of peanuts (Little Spanish) 
per acre were obtained along with the same amount of tops as 
hay. In these later studies the rapid cropping out of first potash 
and then phosphate was clearly demonstrated. In fact responses 
to either of these two major elements became almost as dramatic 
as those to copper or any of the trace elements that are reviewed 
above when the element was restored after the soil had been 
cropped to a very low level. The helplessness of copper in the 
absence of adequate supplies of the major elements is well 
shown ir the results of some of the early greenhouse studies 
presented in Figure 31. 

Insofar as greenhouse work with the trace elements is con¬ 
cerned, much better results were obtained when improved sources 
of distilled water were to be had. This is understandable when 
it was found in the course of later work that passing ordinary 
tapwater thru a conventional still increased its copper content 
ten times. Redistilling thru quartz or passage thru absorbing 
resins hi've given good protection in work of this type as exem¬ 
plified by the excellent results reported by Dr. W. T. Forsee, Jr., 
in Volume II, Soil Science Society of Florida and elsewhere. 

Residual Values in the Soil 

One v»f the earliest checks following the first cropping of the 
individual application of copper in the first series of treatments 
was on Ihe localization of that 30 pound treatment that had been 
placed ill the row and of the residual values that remained. This 
was first done with the common beggarweed by opening up the 
ori^nal line of planting with a small hand plow after first pre¬ 
paring light planting furrows between the rows, the plow being 
carefully cleaned between each such operation in any event. Both 
sets of rows were simultaneously seeded to beggarweed with the 
results that are shown in Figures 32 and 33. 

It was obvious from the plant response that there was su- 
ficient copper remaining from the earlier treatment to adequately 
supply the additional planting since the plants made just as 
luxuriant growth as before. However, those plants between the 
rows and out of immediate contact with the residual copper 
failed completely even though they were in a soil filled with 
healthy, vigorous roots of plants growing 18 inches away but with 
a local contact with the copper already in the soil as residual from 
the earlier treatment. This tremendous permeation of the soil 
by plant roots is well shown by the block of rape roots excavated 
from the row to half way across the middle to the next one. This 
is shown in Fig. 34. 

Natu-ally where response^ of plant growth is so unusual to 
such small amounts of chemical, great care must be taken in 
all field operations to avoid contamination. That is why the great 
storm and flood of 1928 had a particularly disrrupting effect on 
the work of the Experiment Station at that time. 
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Rate op Treatment 

Although we now know that organic soils and the organic 
components of mineral soils have a very great absorptive power 
for such metallic elements as copper, the upper and lower limits 
of treatment with such materials was deemed worthy of investi¬ 
gation in the early days of these responses. Thus by graded 
applications in box plots of about 2000 acre in size it was found 
that bean plants would tolerate quite well applications of copper 
sulfate or manganese sulfate up to 10,000 pounds per acre as 
well as zinc sulfate in similarly high amounts if well mixed with 
the topsoil and allowed to stand a few days before planting. In 
addition to the “buffering” effect of the organic matter in the 
soil it must be remembered that our typical Everglades peat 
is directly underlain with lime rock and the soil has a high 
calcium content in consequence thereof. This, of course, adds 
very substantially to the absorbing or retaining power of this 
soil for elements such as copper, manganese, zinc ,and boron 
which are found to leach only very slightly from it—even less, 
apparently, than phosphorus and potassium. Their actual avail¬ 
ability for the use of plants under such conditions, is, of course, 
another question that depends very much on the reaction (pH) 
of the immediate soil environment as well as the ability of the 
individual plants (their “Feeding Power” as Dr. Truog has so 
well called it) to absorb their requirements from the form in 
which such elements are to be found in the soil. 

Soil Testing 

In view of the mounting cost of fertilizer materials and the 
maintenance of a normal fertility level in the soil, the need for 
as much iielp as possible from soil and tissue testing in determin¬ 
ing optimum applications becomes even greater with the advent 
of a whole series of trace elements into our soil fertility picture 
since, almost without exception, they are much more expensive 
than the so-called major elements. 

Companion information in this same field of which we also 
have so little and need so much, is the composition of the plant 
material itself not alone in terms of what it takes to make a 
maximum growth or weight yield but also in terms of what com¬ 
position individual plant materials should have in terms of these 
several elements to be of maximum value as a feed for animals 
and as fviod for man. This should well give a second basis for the 
future calibration of testing methods, both soil and tissue, if 
they are to be of maximum assistance. 

Since we have come to recognize so fully the very great im¬ 
portance of many of the so-called trace elements to the health 
and growth, alike, of plants, animals and man during the past 
quarter of a century it would seem the service of future research 
in this field to the cause of plant, animal and human health would 
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be much greater if it were set up in such a way as not only to 
enlarge our understanding of the importance and function of 
each element but also arranged, and extended if need be, to in¬ 
clude ways and means of routine soil and tissue testing to de¬ 
velop a system of protective information, of an Extension nature 
if you please, against the tragic losses that can follow the use of 
too much as well as too little of any or all of these secondary 
elements in a particular situation. 



Figure 1.—The native sawgrass (Cladium 
sp.) from which the great mass of Ever¬ 
glades peat was largely formed. Jimmie 
Seal, Jr. in photo taken out in the South¬ 
east Section of the Everglades Experiment 
Station on Feb. 12, 1928. 
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Figure 4.—Red beets 

1. Copper sulfate 

2. Manganese sulfate 

3. Compost 

4. Check (no treatment and no plants) 



Figure 5.—Rape 

1. Copper sulfate 

2. Compost 

3. Manganese sulfate 

4. Check (no treatment) 
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Figure 6.—Another view of the remarkable response in sugar 
cane (Variety U.S,1639, left and U.S. 1637, right) to treatment 
of raw, Everglades peat with copper: 

Below: geneial soil treatment with phosphate and potash but 
no copper, the plants on the copper-treated plots (closeup above) 
showing over the back-stop. 

Above: same varieties of cane and same general soil treat¬ 
ment but with copper in addition. These two rows ran across five 
different soil treatments, including, of course, the check. These 
photographs taken about two and one half months before the 
great storm of September 16,1928. 





Figure 7—Response of sesbania, one of South Flor¬ 
ida’s most popular and useful leguminous cover 
crops, to treatment of freshly broken Everglades peat 
with 30 pounds of copper sulfate per acre in the 
row. Inset shows plants of the same age on check 
plot that had received no copper. Photo taken 80 
days after planting. 






Figure 8.—Pangola grass on raw sawgrass soil 
showing early stages of response. Plot in foreground 
received no copper and plants growing largely on 
the cuttings died out later. Plot immediately to rear 
received copper. Growth started strong and con¬ 
tinued so. 



Figure 9.—The appearance of copper deficiency on 
the foliage of sugar cane variety Coimbatore (Co.) 
281, having much similarily to a mosaic pattera. 
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Piguie 10—Sugar cane, variety Co 281 on freshly 
broken sawgrasa land, Check (untreated) 
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Figure 12 —The effect on giowth of Co 281 sugai 
cane m Everglades peat of continuous contact with 
a parent stool gi owing m soil fully treated with 
copper undei gieenhouse conditions 
Right—Paient stool 
Centei—Cane from stem “layered*’ in 
uncoppered soil 

Left—Cut cane planted in uncoppeied 
soil 



Figure 13—Cane vaiieties fiom cut seed pieces in 
soil tieated with Cu-P-K just piioi to planting 
Left—D-117 
Centei—Ciystalina 
Right—Co 281 
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Figure 16,—Duncan grapefruit on sour orange 
stock at about one year of age (Everglades Peat): 
Left—Check (no treatment) 

Right—Copper sulfate 



Figure 16,—Villa Franca lemon on sour ^ange 
stock at about 17 months of age (Everglades Peat): 
Left—Check (no treatment) 

Right—Copper sulfate. 
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Figuie 17.—Collinson avocado (Eveiglades Peat): 
Left—Check—at about 1 yr. of age. 
Middle—Coppei sulfate at 1 yr. 

Right—Coppei sulfate at ?8 mo. 

Note* Check plants all dead at time of this 
latei photo. 



Figuie 18.—Jewel Peach at about 16 months: 
Left—Cheek (no treatment) 

Right—Copper sulfate 
(Everglades Peat) 
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Figure 19.—Response of sugai cane, Variety Co. 281, to treatment 
of badly burned Everglades peat with sulfuiic acid or with acid-pro- 
ducmg sulfur to release manganese to the plant. Paiker area near 
Moore Haven. 

Left: Sulfur Center: Check Right Sulfuiic Acid 
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Fipniie 20—Response of the lush potato to tieat- 
ment of badly burned peat soil Top Check plot and 
closeup of single plant Centei Injured foliage 
sezies fiom left—normal, to light—coloiless and 
neaily dead Bottom Noimal giowth of potatoes 
wheie feitilizei tieatment included a geneious quan¬ 
tity of manganese 


—Upper left A typically chloiatic bean plant due to mangan- 
foliage senes showing lange of lan- 
Right—normal, Center—badly affected. Left- 
extiemely chloiatic and dying Lower left Response of beans to tieat- 

ment of soil mth high pH (Maloy aiea, Di J L Seal in photo) Left_ 

onfv^ untreated, Center—Copper, sulfur P 0 and K20, Eight—sulfur 
"* o* “beansick” Pahokee soil Left^hec^ un¬ 

treated, Center—Superphosphate, Right—Manganese and superphosphate 



Figuie 22—Response of ladishes to tieatment of 
burned soil Left Check, no tieatment, no plants 
Right Tieatment with manganese and sulfuric acid 
H H Wedgwoith, Plant Pathologist at Eveiglades 
Expeliment Station at that time, in photo (Feb 
26, 1931) 



Fi^re 23—Cocos plumosus palms in high lime soil along S Third Stieet 
in Palm Beach failing because of the unavailability of manganese undei 
such conditions of high pH Center is a closeup of a palm typical of those 
found on eithei side of the stieet, left and light 
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Figuie 24—Closeup of Cocos plumosus palms on 
one of the laige estate plantings in Palm Beach 
wheie lailuie is also due to the high lime content in 
the soil 
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Figure 25.—Royal palm failing badly, left, in the 
municipal area of Palm Beach where it had been 
planted in a soil containing too much free lime; also, 
right, on one of the larger estates where one of the 
“key figures” in its landscape architecture was dying 
for want of manganese at the time of the photo. 
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Figure 26.—^Tishtail” palm, growing quite close to 
the Cocos plumosus of Figure 24 and under essen¬ 
tially the same soil condition, is failing for the same 
reasons—unavailability of manganese under such 
high lime conditions in the soil. 
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Figure 27.—Little Spanish peanuts glowing on untreated Everglades peat 
showing extreme resetting in all plants with foliage off color, leaves badly 
spotted and central growth in most of them nearly dead. 



Figure 28.—Response of Little Spanish peanut plants 
to soil treatment with copper and with a combination 
of zinc and copper (sulfates). Left: check, no treat¬ 
ment; Center: Cu-Zn combination, the defoliation 
being due to normal ("early”) maturity; Right: 
copper only, heavy with foliage due to late start and 
late maturity. 
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Figure 29.—Closeup view of the peanut plots involved in the copper-zinc 
response: Foieground, left—copper, zinc, caustic lime and manure. Center 
—manganese, zinc, caustic lime and manuie. Right—copper, manganese, zinc, 
caustic lime and manuie. Background, center— check, no treatment. Note: 
the mulch covering (sawgrass straw) on half of each plot represents an¬ 
other phase of the study—an effort at lowering the soil temperature at the 
sui’face. 




Figure 30.—General view, before (above) and after 
(below) the stoim of 1928, of the series of peanut 
plots receiving single and all possible combinations 
of five different materials—copper, manganese, zinc 
(all as sulfates), caustic lime and manure. Photo 
taken from essentially the same position in both in¬ 
stances, i.e. on what was then the South Dike of 
the Experiment Station. Note that in the latter photo 
only the tops of the stakes along the central alley 
are showing though photo was not taken until about 
two weeks after the storm. 
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Figuie 32.—Beggar weed plants failing on 
the check plot of the trace element series where three 
of the original planting lows were replanted and a 
iow seeded in each of the middles to conform with the 
planting on the plot that received the earlier copper 
treatment, Figuie 33, below. 




Figure 33.—Beggarweed in second planting 
on copper treated plot to show residual values. Three 
rows with good growth are in the original lines of 
treatment with copper sulfate while the two rows 
that are failing completely have been planted en¬ 
tirely out of contact with this copper. These little 
plants are dying for lack of copper though the soil 
in which they are trying to grow is completely filled 
with strong healthy roots (see rape roots of Figure 
34) from the plants adjacent which have access to 
the coppei that is residual from the earlier treatment. 



Figure 34.—Block of soil containing rape loots as 
excavated from one of the copper treated plots from 
the row (looking down into plant stubble) to some¬ 
what more than half way across the middle to the 
row adjacent. This is to show the complete manner 
in which the roots of healthy, copper-treated plants 
completely permeate the soil when growing as norm¬ 
ally as the beggar weed plants of Figure 33. 


RESPONSES OF PASTURE AND FIELD CROPS TO TRACE 
ELEMENTS ON MINERAL SOILS IN FLORIDA 

Roger W. Bledsoe* 

Visual deficiency symptoms have been used primarily as a 
guide to the adequacy of trace elements in the nutrition of pas¬ 
ture and field crops grown on the mineral soils of Florida. Such 
symptoms may develop only when the deficiency is severe. Chem¬ 
ical analysis of soil and plant may be of value in determining the 
cause when plants show deficiency symptoms. However, if the 
plant shows no deficiency symptoms such analysis may be of 
questionable practical value in determining whether an element 
is limiting in the nutrition of the plant. Soil analyses do not 
show the availability of the trace elements. The concentration 
of an element within the plant may not serve as an index of 
deficiency because deviation from the normal might occur only 
when the deficiency is extreme. Furthermore, with most pasture 
and feed crops the concentrations of trace elements required 
within the plants have not been established. 

Pasture Plants 

Results by Killinger, et al., (11), indicated trace elements to 
be beneficial in the establishment of Dallis, carpet, Bermuda, and 
Bahia grasses on certain virgin flatwoods soils only when used 
with lime and a complete mineral fertilizer. Copper appeared to 
give the greatest growth response followed by manganese, zinc, 
and boron in decreasing order. The trace elements did not have 
any significant influence on yields after the grasses were estab¬ 
lished. 

Hodges, et al., (8-9), reported similar results with grasses. 
A combination of three elements, copper, manganese and zinc, 
gave yields superior to those where only one element was ap¬ 
plied. Common Bermuda did not respond to applications of trace 
elements while the response by common Bahia was less than that 
of carpet and Pangola grasses. The growth and survival of 
Pangola grass was distinctly improved when only copper was 
applied. A rate of 5 pounds per acre of copper sulphate was as 
beneficial, in some cases, as higher rates. 

Boron has been shown frequently to improve seed setting 
of clovers when grown on the mineral soils. Killinger, et. al., 
(11), observed boron deficiency symptoms of California bur- 
clover when grown in the absence of boron fertilization. Seed 
setting of Black medic and Annual sweet clover was greatly im¬ 
proved when boron was applied (14). Clovers have not re- 

*—Agronomist, Florida Ag^ricultural Experiment Station, Gainesville. 
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sponded appreciably to applications of other trace elements with 
the possible exception of zinc (3). 

Hodges, et al., (10), reported the growi;h of common and 
Kobe lespedezas was considerably improved when fertilized 
with copper, zinc, manganese, and borax as compared to the no¬ 
trace element treatments. However, trials with other legumes 
showed no response to trace elements. 

The importance of trace elements can not be minimized where 
needed for the growth of pasture plants on mineral soils. Crop 
failure may result on those soils naturally deficient in one or 
more of the trace elements as well as on alkaline or overlimed 
soils, unless the needed elements are added regardless of the 
quantities of nitrogen, phosphorus, and potassium applied. Where 
needed for pasture plants the following rates per acre are gen¬ 
erally recommended: 15 pounds each of copper and manganese 
sulfates, 15 pounds of zinc sulfate, and 10 pounds of borax. 

Field Crops 

In 1935 Barnette and Warner (2) described the visual symp¬ 
toms of white bud of corn and demonstrated it was due to a de¬ 
ficiency of available zinc in the soil. In 1936 Barnette, et al., 
(1) described zinc deficiency symptoms of velvet beans, cowpeas, 
and millet. Oats grown on land which had produced white bud 
of corn responded favorably to the application of zinc sulphate 
with increased yields, while peanut yields in some cases were in¬ 
creased but symptoms of malnutrition were not observed with 
either crop. Yields of sugar cane, Napier grass and crotolaria 
were likewise increased by the application of zinc sulphate but 
deficiency symptoms were not observed. Thus, the value of zinc 
for preventing the development of plant disorders and for in¬ 
creasing plant growih was established. 

Results by Barnette et al., (1) showed that “resting the land” 
or permitting it to lie fallow to volunteer w'eeds and grasses had 
reduced materially the percentage of white bud corn plants of 
experimental plots. The incorporation of a relatively heavy 
planted crop of crotolaria had not been as effective as that of 
native cover crops in reducing white bud of corn. On plots 
planted to corn and peanuts annually the corn show'ed by far 
the largest percentage of white bud. 

Results by Rogers, Gall and Barnette (13) show that the dry 
matter of weeds collected from plots “rested” for 2 years ave¬ 
raged 140 p.p.m. of zinc; that of Crotolana spectabilis Roth, 
planted annually 8 p.p.m. The dry matter of weeds and grasses 
collected from plots “rested” for 1 year averaged 70 p.p.m. of 
zinc, that of 3 species of crotolaria planted in plots in a 2-year 
rotation with corn and peanuts 21 p.p.m. The authors state that 
the data indicate weeds and volunteer grasses are able to absorb 
much larger proportions of zinc than are planted land covers 
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and apparently make available sufficient zinc to prevent the de¬ 
velopment of white bud of corn. 

The author has observed white bud of corn grown on mineral 
soils in various areas of the state. Some varieties of corn, for 
example, Dixie 18, appear to be more sensitive to available zinc 
supply than other varieties. The occurrence of white bud appears 
also to be closely associated with climatic conditions. Some 
seasons the disturbance is far more prevalent than that of other 
years in the same region. However, in many instances the young 
plants seem to recover rather rapidly, even without the addition 
of zinc, and the yield of corn is thought to be little affected. 

Nutritional disturbances attributable to zinc deficiency, other 
than that of corn, are rarely noted in field crops grown on mineral 
soils. However, specific deficiency symptoms of value for diag¬ 
nostic purposes have not been established for many of the field 
crops. When plants are grown under field conditions the symp¬ 
toms may be difficult to recognize, not visible, or masked by other 
plant ailments. Zinc deficiency symptoms of peanut have not 
been observed on field grown plants, while symptoms are very 
distinct when plants are grown under controlled conditions. 

The author demonstrated zinc deficiency of peanut when 
plants were grown under controlled conditions and supplied re¬ 
purified chemicals and redistilled water. Symptoms of zinc de¬ 
ficiency were evident within 14 days on the Holland Station 
Runner Jumbo variety and 21 days with Dixie Runner variety 
after zinc was withheld from roots of plants. The first evidence 
of a disturbance was retarded growth and reddish coloration of 
stems and petioles. The leaf pattern might be described briefly 
as “little leaf” which is especially evident in the terminal ^owth 
where it appears first. The foliage is small, narrow, crinkled, 
and chlorotic at tips. Midrib and major veins of older leaves 
have a prominent light color. The blades are thick and leathery 
and wrinkled along the midrib. In advanced stages the midrib 
breaks down and necrotic areas appear irregularly over the 
leaflet’s surface. The pattern progresses from terminal to basal 
portion of plants with age. 

Distinctive symptoms of copper deficiency in field grown 
plants on mineral soils have been reported in only a few cases. 
However, because of the low content in soils of some areas 
copper is often suspected of being the trace element most likely 
to be a limiting factor in plant growth. 

Hodges et al., (10) reported that oats grown on Portsmouth 
fine sand, mucky phase, developed mineral deficiency symptoms 
which were completely remedied by the application of 15 pounds 
of copper sulfate per acre. There was no evidence of copper 
deficiency in oat plants grown on the adjoining prairie phase 
of Portsmouth fine sand. 

Harris (4) described a nutritional disturbance in oats grown 
on Arredonda loamy fine sand at Gainesville which could be 
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cured only by additions of copper salts. A very small amount of 
copper chloride (2 pounds per acre) was beneficial and had con¬ 
siderable residual effect (5). High applications of nitrogen ac¬ 
centuated the abnormality and caused a decrease in grain yields. 
The yield of shelled corn was increased 20-23 per cent in con¬ 
secutive years when copper chloride was applied at 10 pounds 
per acre even though symptoms of a deficiency were not evident. 
Yields of barley, wheat, and cowpeas were increased also by ap¬ 
plications of copper while the yield of rye was not affected. (6) 

Harris (7) describes a nutritional disorder of peanuts, when 
grown on the same location as that of crops mentioned above, 
and demonstrated its control by the use of copper salts. Ex¬ 
ceptionally small amounts of copper chloride applied as a spray 
had a pronounced influence on yields. Affected plants had small, 
irregular terminal leaflets with small yellowish-white spots, 
marginal necrosis and some interveinal chlorosis. 

Copper deficiency symptoms of peanuts grown in nutrient 
solutions in the greenhouse, as demonstrated by the author, were 
somewhat different from those described in field grown plants. 
Thirty days after copper was withheld from the roots the young 
leaves of some plants withered suddenly without any other 
symptoms. Terminal leaves were small and interveinal chlorosis 
occurred on the leaflets of the second or third leaf below the 
growing tip of some plants. Stem tips ceased to grow but stems 
were not discolored. In the more advanced stages the young 
growth withered and died on all plants. 

In a field test the author observed a nutritional disturbance, 
similar to that reported by Harris (4), in young peanut plants 
of three of six replicated plots. Copper-sulfur dust was applied 
to all plots. The disorder was corrected and there was no sig- 
fieant difference in 3 rields. Yields of peanuts grown near Live 
Oak were increased by approximately 30 per cent by applica¬ 
tions of copper-sulfur dust. Treatment of other trace and major 
elements had little influence on yields (unpublished data by the 
author and Mr. Fred Clark). Results by Killinger, et al., (12) 
and unpublished data accumulated by Station workers during 
the past several years show that yields of peanuts dusted with 
copper-sulfur are usually superior to those dusted with sulfur. 
It is suspected that the added response to copper-sulfur dust is 
in part nutritional. 

Severe symptoms of manganese deficiency are rarely ob¬ 
served in farm crops grown on the mineral soils. Perhaps that 
is because a majority of the soils used in the production of farm 
crops are acid in reaction while manganese deficiency is usually 
associated with soils of a neutral or alkaline reaction. Under 
some circumstances, slight deficiency symptoms may appear, 
especially during prolonged periods of dry weather and then 
disappear after heavy rains. However, it is frequently diflScult 
to distinguish between manganese and iron deficiencies, since 
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in both cases the veins are green. Manganese deficiency symp¬ 
toms are sometimes observed in over-limed areas. 

The author demonstrated manganese deficiency symptoms 
of the peanut when plants were grown in nutrient solutions. The 
deficiency appears first as interveinal chlorosis in tip leaves and 
then moves progressively toward leaves at base of plant. Chloro¬ 
sis starts frequently at the base of a blade and progresses toward 
leaflet tip. The green color of veins is not prominent. Later 
the entire leaflet turns yellow and necrotic spots appear ir¬ 
regularly over the surface but rarely at leaflet margins until 
late stages. Large areas of leaflets then turn brown and leaves 
drop prematurely. 

Chlorosis due to iron deficiency is frequently observed in 
lawn grasses, especially in centipede and St. Augustine. It is 
rarely observed in other crops grown under field conditions. 

Responses to application of molybdenum to field crops grown 
on mineral soils have not been reported. The author observed 
evidences of molybdenum deficiency of peanuts during two 
consecutive years when plants were grown on plots at Marianna 
to which no molybdenum had been applied. The leaves of un¬ 
treated plants were yellowish to pale green as compared to the 
dark green leaves of treated plants. The symptoms occurred 
during the early growth stages and later disappeared. Yields 
of those plots were not significantly lower than those of plots 
to which molybdenum had been applied. Florida Station workers 
have observed similar symptoms in peanuts, cowpeas, and crim¬ 
son clover during early growth stages which later disappeared. 
Yield responses were not obtained where molybdenum had been 
applied. 

Symptoms attributed to boron deficiencies of crops grown 
under field conditions have not been reported. However, fiue- 
cured tobacco fertilizers usually contain approximately 2.5 
pounds of borax per ton of fertilizer. 

In general the mineral soils used in the production of pas¬ 
tures and field crops are very sandy, very low in organic matter, 
and have a low level of fertility. Mineral fertilizers, where used, 
are applied at low rates. Sprays and dusts which might contain 
some trace element are rarely applied to pastures and field crops. 
The practice of allowing land to lie fallow to volunteer natural 
cover crops is decreasing rapidly. Planted cover crops are being 
used more extensively. It would appear that on such areas any 
intensive farming practices which would be a soil depleting pro¬ 
gram could soon lead to difficulties. If climatic factors, soil 
moisture, and major elements supply, which are frequently the 
limiting factors in field crop production, are particularly favor¬ 
able for plant growth it is quite possible that many of the other¬ 
wise adequate soils could become deficient as a source of trace 
elements necessary for maximum yield production. 

During some seasons deficiency symptoms of trace elements 
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are more prevalent than those of other years. Deficiencies are 
often manifested at early stages of plant growth, or during 
periods of dry weather, and then later disappear. Stunted growth 
attributed to other plant ailments is often thought to be as¬ 
sociated with trace element deficiencies. Results of studies to 
date indicate that with the exception of a few areas there is no 
critical shortage of trace elements in the mineral soils of the 
state. However, they also indicate that at times the availability 
of trace elements may be below the optimum physiological re¬ 
quirement necessary for maximum growth and yield of plants. 
In such areas the producer of crops and livestock must be aware 
of the importance of the trace elements, for to him, it could mean 
the difference between success and failure. 
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TRACE ELEMENT RELATIONSHIPS IN FLORIDA 
VEGETABLE CROPS ON MINERAL SOILS 


J. R. Bbckenbach' 

Introduction 

Much of Florida’s vegetable crop production—especially the 
fruit crops such as tomatoes, peppers, eggplant, squash, etc.— 
is located on relatively flat sandy soils of the poorly drained 
sands. Water control, both drainage and irrigation, are essen¬ 
tial to production on such soils. Vast areas of mineral soils are 
under such control in the important areas of the state. 

Some of these areas are natively good to high in soil reaction; 
the marl soils of the Homestead area having a pH in the range 
of 8.0 and a bit higher, and Parkvyood and related soils ranging 
from pH 5.5 on up to slightly above 7.0. Other soils utilized ex¬ 
tensively are natively very acid, however, Leon sands, for ex¬ 
ample, natively range from pH 3.9 to 4.4. 

All have been heavily leached over the centuries, and those 
of low pH are very low in soluble salts, including both major and 
trace element bases. When these are limed and fertilized for 
vegetable crop production, this lack of trace element bases be¬ 
comes apparent. For this reason, the magnesium carrying do- 
lomitic limestone has proven better than high calcic lime, and 
basic slag has usually proven superior to both. The manganese 
content of the slag is of unquestioned importance in making 
these comparisons. 

Magnesium, manganese, iron, zinc, copper and boron have 
all been found to be deficient in certain of these limed soils. On 
an emergency basis, deficiencies of all may be at least partially 
corrected by their addition to sprays, so that we know that leaves 
can absorb them. Incidentally, Florida has pioneered in this 
line of research endeavor. 

Iron and boron are rather dangerous when applied as sprays 
with some crops because of relatively low requirements and be¬ 
cause tolerance limits are narrow. There is evidence that mix¬ 
tures of trace elements are somewhat safer than single element 
sprays in some cases. 


Present Status 

Generally speaking the present status of the problem of 
trace elements on vegetables in Florida is something like this: 

Magnesium. On soils needing lime, the use of dolomitic lime¬ 
stone takes care of the situation. On soils deficient in mag- 

■—Associate Director, Agricultural Experiment Station, University of 
Florida, Gainesville. 
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nesium but with adequate calcium and of desirable pH range, 
Magnesium sulfate is used in the fertilizer, supplied in defi¬ 
nite ratio as magnesium oxide. 

Manganese. This element, as the sulfate, is used directly on 
the marl soils of the Homestead area, in annual quantities 
up to 100 lbs. per acre. It may also be used in the fertilizers 
on sandy soils of naturally high pH or that have been re¬ 
cently limed. In addition, it may be safely included in a 
spray application in quantities up to 4 lbs. per 100 gallons 
of spray. 

Zinc. This element, again the sulfate, is often added to the 
spray, at 2 lbs. per 100 gallons. Response to zinc has been 
very definite on some vegetable crops. Toxicity symptoms 
appear quite readily if too much is used. Actually, no ad¬ 
ditional zinc sprays are required on crops which are sprayed 
with the new zinc fungicides—^in fact, zinc toxicity has been 
known to develop on tomatoes and other crops when such 
fungicides are used exclusively. 

Copper. Prior to the introduction of the zinc fungicides, none 
of the vegetable crops on mineral soils developed copper de¬ 
ficiency symptoms, or at least copper deficiency was never 
a major problem on such soils. Crops such as tomatoes, pep¬ 
pers, potatoes, etc. regularly received copper fungicidal 
sprays. Apparently the older agricultural soils had ade¬ 
quate copper residues to carry crops through the first several 
years of zinc fungicides, but copper deficiencies appeared 
rapidly on virgin soils brought into production and sprayed 
only with zinc fungicides. Whether zinc additions actually 
intensify copper deficiencies, or whether the copper need is 
relatively high in its own right has not been determined. In 
any event, copper nutritional or fungicidal sprays are re¬ 
quired on most vegetable land newly brought into production. 
To some extent, definite ratios of copper in the fertilizer are 
used. 

Iron. This metal, as the ferrous sulfate in spray applications, 
will quickly correct the deficiencies sometimes encountered 
on limed soils. It has not been possible to establish an abso¬ 
lutely safe spray strength, however. One lb. to 100 gallons 
will usually relieve the deficiency, but sometimes marks to¬ 
mato or other fruits to an economically damaging extent. 
There seems to be less tendency for such damage to appear 
when other trace elements are included in the spray mix. 
Apparently the iron carbamate fungicides are safe on these 
crops, but they do not have much effectiveness against most 
major vegetable diseases in Florida. Where they are used, 
a definite nutritional response is sometimes evident. 
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Boron. Borax is the common source of boron used, and may¬ 
be included in the fertilizer for crops with a high boron re¬ 
quirement, such as broccoli, cauliflower, lettuce and cabbage. 
An an emergency basis, borax is sometimes applied as a spray 
or drench. The upper safe limits have not been entirely es¬ 
tablished, but up to 2 lbs. per 100 gallons have been applied 
in this manner without damage. 

Future Research Needs 

The research approach of the past—^that of testing out trace 
element additions by spray or in fertilizer to cope with emergency 
problems—^is not comprehensive enough to satisfy actual com¬ 
mercial needs in Florida. Several trace element deflciency prob¬ 
lems which caused tremendous economic losses have been solved 
in this manner. Among these are “cracked stem” of celery which 
is corrected by additions of borax, copper deficiency on the or¬ 
ganic soils of the Everglades, and zinc and manganese deficien¬ 
cies on a variety of vegetable crops grown on a wide range of 
soil types, to mention a few. Iron and magnesium deficiencies 
have also been recognized and corrected, but these conditions 
have been of less economic consequence in the vegetable pro¬ 
ducing areas. 

There are still physiological disorders of vegetable crops 
of major economic importance which must be solved. The ef¬ 
ficient utilization of certain nitrogen source materials is a prac¬ 
tical, major problem here in Florida. The adjustment of pH, the 
method of water control (which is basically an aeration prob¬ 
lem) and the balance of trace and major elements available are 
felt to be related to this nitrogen problem. Blossom-end rot of 
tomatoes and peppers and black-heart of celery are partially 
solved problems which need investigation as to trace element 
effects in relation to pH control and irrigation methods. 

There is a fundamental background of research in plant nu¬ 
trition to which we must tie our program. Physiologists have 
demonstrated that aeration of the soil solution influences man¬ 
ganese requirement; that the manganese—iron balance is of 
nutritional importance; that nitrogen source affects the need for 
trace elements and the balance required among trace elements. 
Length of day and intensity of sunlight enter the picture—in 
fact, trace elements are essential to all basic plant processes and 
need investigation from that point of view. 

It is my feeling that we in Florida, of all states, need to make 
provision for fundamental research involving trace elements in 
plant nutrition. Our methods of irrigation, the length of day 
during the growing period and the soil types which we farm all 
influence the balance of trace and major elements required. To 
some extent at least, these problems are peculiar to Florida, and 
it is our urgent problem to solve them. 
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The vegetable producers of the state are being forced to move 
on to the less desirable soil types. Soil areas most suitable for 
vegetable production are now in general use; future expansion 
must be on the acid, poorly drained sands. Vegetable crops can¬ 
not be grown on such soils in ansrthing like our economical man¬ 
ner until they are drained and limed so that the first requirement 
is to alter the soil to a condition more nearly comparable to that 
of the more suitable soils. Drainage and liming do this to some 
extent; certain physical characteristics cannot be so altered in 
any practical way, and we must learn to adapt to them. It is in 
this adaptation that we need to investigate the complex, con¬ 
trollable problems involving trace elements, irrigation methods, 
nitrogen source materials and other factors. 

It would seem desirable and necessary that we here in Florida 
do some fundamental work on the nutritional relationships in¬ 
volving trace elements. The recognition of trace element de¬ 
ficiency symptoms, and the development of means for correcting 
these, has been a great step forward. It has lesulted in important 
commercial advances in vegetable production in Florida. The 
reported literature on these phases is vast, and research on a 
field scale is quite general. 

Only a few restricted laboratories are busy investigating fun¬ 
damental nutritional relationships among trace elements and be¬ 
tween trace elements and other factors that influence their need 
in plant nutrition. I believe that the growers of Florida would 
benefit very greatly if we could establish a program here to pur¬ 
sue such lines of investigation. I have reason to believe that 
many of our problems involving the quality of our vegetable 
crops could be solved—or at least understood—^by investigating 
them in this manner. Trace elements, like other plant nutrients, 
have certain specific functions in plant nutrition. There are 
great gaps in our knowledge of these functions. In addition to 
these direct influences on plant growth, the physico-chemical 
properties of ions in complex water solutions are such that it 
is impossible to approach some of these problems by varying 
the concentration of only one salt in plant nutritional studies. 
We have great need to study some of these things, since day- 
length, irrigation methods, drainage, temperature and other vari¬ 
able factors are of practical importance here. This approach to 
the problems in the field of future research on trace elements 
could be expected to result in important commercial gains by 
our vegetable growers. 



THE PROMINENT ROLE OF THE SO-CALLED TRACE 

ELEMENTS IN THE RECENT REHABILITATION OP 
FLORIDA’S CITRUS INDUSTRY 

A. F. Camp* 

Inasmuch as Dr. Camp’s discussion of the comparatively 
recent rejuvenation of Florida’s Citrus Industry very largely 
through the judicious use of certain of the trace elements was 
almost entirely on the basis of a large series of excellent slides 
and no manuscript for the record was provided, this important 
subject can be reported only very briefly at this time. 

Emphasis was given, of course, to the observations that had 
been made for many years of the quite appreciable benefits that 
always seemed to follow the liberal application of such natural 
organics as dried blood or tankage, the extent of certain physio¬ 
logical responses appearing to depend largely on the amount of 
the application even to a point where too much nitrogen obviously 
was suplied. 

General decline continued in a large percentage of the groves 
of the State, however, until the first trials with zinc in Gaines¬ 
ville, as reported in 1933, proved so extremely beneficial in 
curing, and of course preventing, the so-called frenching of 
citrus as well as the resetting of pecan and the bronzing of tung 
trees. The results of zinc treatments were so dramatic that al¬ 
most within the same season it became a general field practice. 

Studies of the use of copper for the control of “dieback” or 
“ammoniation” in citrus revealed its complete effectiveness only 
a year or two later and both elements were promptly recognized 
as essential, each supplementing and neither replacing the other 
where both situations were involved in the grove. The general 
use of manganese rather quickly developed as did also the ap¬ 
preciation for the need for boron in restricted areas. Through¬ 
out all these studies iron deficiencies were recognized, as in the 
citrus groves of the East Coast Area, but its effective applica¬ 
tion has been found very difficult. 

Continuing studies, therefore, are concerned largely with 
finding more effective, as well as more economical forms of these 
elements and methods of application as well gaining a better 
insight not only into their effect on gross yields but the compo¬ 
sition of the fruit as well, especially from the standpoint of their 
use as human food. Ed. 


♦Vice Director in Charge, Citrus Experiment Station, University of 
Florida, Lake Alfred. 
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TRACE ELEMENT CONTENT OF LEAVES FROM 
TUNG ORCHARDS 

Matthew Drosdopp^ 

Inasmuch as no manuscript was submitted by the author it 
can be reported on only briefly at this time. However, it was 
published in Soil Science Vol. 70, No. 2, pp. 91-98, 1950. 

It was noted that trace element deflciencies in relation to 
the growing of tung trees in the United States are particularly 
conspicuous in the lighter textured soils of Northwest Florida 
where the major acreage of this crop is grown. 

Methods of foliage sampling, sample preparation and of 
analysis for five of the more important trace elements were 
described in brief detail and results reported on the basis of parts 
per million of the various elements in terms of dry matter in¬ 
volved. 

The brief summary of this paper as published in the above 
referred to volume of Soil Science follows: “The zinc, copper, 
manganese, boron, and iron contents of representative tung-leaf 
samples are discussed in relation to the kind of soil on which 
the trees are growing and the kind and amount of fertilizer 
applied. Under all conditions observed, the range in zinc con¬ 
tent of tung leaves was found to be 10 to 229 ppm., copper 2.5 to 
12.4, manganese 25 to 2,884, boron 38 to 226, and iron 36 to 92.” 


(1) Soil Chemist, Bureau Plant Industry, Soils and Agricultural En¬ 
gineering, U.S.D.A., Tung Laboratory, University of Florida, Gainesville. 



MINOR ELEMENT DEFICIENCIES OF DECIDUOUS 
FRUITS AND NUTS 

G. H. Blackmon” 

There are certain minor elements which must be provided for 
the best growth and production of deciduous tree fruits and nuts 
grown on most soils in Florida. The crops which will be discussed 
are the pecan, peach, pear and cultivated persimmon. Of these 
the pecan is the most important commercial crop in Florida, fol¬ 
lowed in order by peaches, pears and persimmons. 

The need for zinc in the growth and production to correct 
rosette of pecans in the South was first shown about 1932 by 
J. R. Cole, Pathologist, U. S. Pecan Field Station at Albany, 
Georgia, but at that time he was stationed at the U.S. Pecan Field 
Station, Shreveport, Louisiana. This was the year that Harold 
Mowry, Horticulturist, later Director, of the Florida Agricul¬ 
tural Experiment Station, showed that zinc was necessary to 
correct bronzing of tung trees. 

Soon after these findings, work was started in Florida by the 
author, who investigated the zinc requirements of pecans in 
various parts of the state. It was shown that nursery as well as 
orchard trees must have zinc applied for growth to be free of 
rosette if there is not already sufficient zinc available to the 
plants. 

In these investigations it was found that pecan trees would 
respond to zinc applied to the soil in which they were growing, if 
needed, in all instances where such soils were otherwise adapted 
to pecan growth. Rates of zinc applied as zinc sulfate were 
worked out for several varieties of pecans in different parts of 
northern and western Florida. It was soon determined that, in 
cases of severe rosette, about five pounds of zinc sulfate applied 
to the soil in the spring would usually correct the disorder and, 
in the second year following application, the trees would be^n 
to make normal growth. After this, about two pounds zinc 
sulfate annually per tree would generally provide sufficient zinc 
for normal growth in bearing trees. However, where bearing 
trees showed slight to moderate amounts of rosette, the two 
pound annual application was generally all that would be neces¬ 
sary for maintenance of normal growth and production. 

During these experiments zinc oxide applied to the soil 
as the source of zinc was tested. It was found that zinc oxide 
proved satisfactory in causing trees to resume normal growth 
but required one or two years longer for the same degree of re¬ 
covery than did zinc sulfate. 

Zinc sprayed onto the foliage of pecans was developed as a 
satisfactory method of correcting rosette, by Cole and others. 

'—Horticulturist and Head of Department, Florida Agricultural Experi¬ 
ment Station, Gainesville. 
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This proved effective also when tested in Florida. This is a very 
efficient way of applying zinc, since zinc sulfate can be added to 
the regular pecan sprays used for the control of insects and 
diseases, or it can be applied alone. Generally, four or five pounds 
of zinc sulfate to each 100 gallons of Bordeaux or other spray 
mixtures will correct rosette when sprayed onto the leaves in 
June. If zinc sulfate is used alone, the same amounts would be 
mixed with 100 gallons of water to which would be added about 
three pounds of hydrated lime. 

Rosette is not a problem now in well-managed pecan orchards. 
Zinc is applied in some manner whenever needed. Many growers 
make a practice of applying zinc sulfate annually in the fertilizer 
as a maintenance program. 

In sand and water cultures it was shown that boron was 
necessary for normal growth of pecan seedlings. The seedlings 
grow normally with 0.5 ppm of boron added with the nutrient 
solutions. Toxicity developed in the leaves of the plants with 
greater amounts of boron applied. It was found that there was 
a greater utilization of nitrogen also when the boron was added 
to the nutrients. 

Following this work, borax was applied to 17 year old, low- 
3 delding Stuart trees on the Experiment Station Farm in 0, i/^, 1, 
2, 4, 8, and 16 pounds per tree. The amount of boron present in 
the soil before the borax applications, was determined by H. W. 
Winsor of the Soils Dept., Florida Agricultural Experiment Sta¬ 
tion. The soil contained relatively low amounts of native boron, 
ranging from 0.09 to 0.18 ppm. The boron applied was readily 
taken up by the trees as shown by leaf analysis, but no benefits 
were obtained with any of the amounts of borax applied. How¬ 
ever, toxicity showed up in the foliage of those that received four 
pounds and more of borax. The experiment was replicated four 
times and on two of the replicates the applications were repeated 
the second year with similar results. The tests were made in 1945 
and 1946, and in the first year following that of each treatment 
only those trees which received the 8 to 16 pounds of borax 
showed toxicity in the leaves. By the second year the leaves on 
these trees cleared up and have since remained in good growth. 

Large-scale experiments were initiated in commercial or¬ 
chards in 1948 following preliminary tests in 1947. In these the 
applications ranged up to four pounds of borax per tree. No toxi¬ 
city developed in the foliage, but no beneficial effects on growth 
and yields were obtained. 

Magnesium, while not generally considered as a minor ele¬ 
ment, is included because there have been a few instances where 
it has been observed as lacking in pecan foliage. Tests have 
shown that trees will take up applied magnesium as revealed in 
leaf analysis but increased nut yields have not been obtained 
with its application. 

Florida is not a large commercial peach producing state, 
but there are a few orchards of early maturing varieties and 



142 


small home plantings in many parts of the state. A condition 
known as little-leaf was noted quite universally in various young 
orchards and yard trees in 1938. R. D. Dickey, Asst. Horti¬ 
culturist, Florida Agricultural Experiment Station, and the 
writer set up experiments in 1939 to determine the cause of this 
disorder. Zinc, manganese and magnesium were applied to the 
soil singly and in combination in the tests. Zinc and manganese 
were also tested in foliage sprays. It was shown that little-leaf 
of peach in Florida was caused by insufficient zinc available to 
the trees. In these experiments the condition was corrected with 
zinc applied either to the soil or as a spray to the leaves. 

R. D. Dickey, in experiments with Pineapple pears, showed 
that zinc will correct a certain physiological condition which ap¬ 
pears in the leaves of the trees. Trees tested responded to zinc 
sulfate applied either to the soil or to the leaves in a foliage spray. 

Mr. Dickey has also reported on a chlorosis in the cultivated 
persimmon (commonly known as the Japanese persimmon), 
which apparently is caused by a zinc deficiency. With properly 
timed applications, the disorder responded to zinc made available 
to the trees. 

As an over-all picture, satisfactory growth and production 
of deciduous tree fruits and nuts in Florida will often require ap¬ 
plications of one or more minor elements. Growers who are alert 
watch for symptoms of deficiencies and apply the elements when 
and where they are needed. This, together with a general main¬ 
tenance program which includes the growing of adapted cover- 
crops of legumes, and with additional adequate plant foods ap¬ 
plied, have contributed to the production of these crops in Florida. 

In presenting the paper, the different deficiencies were il¬ 
lustrated with colored slides. 



MICRONUTRIENTS IN SUBTROPICAL FRUITS 


John L. Malcolm ' 

The success or failure of subtropical fruits in Florida is de¬ 
termined to a large extent by the presence or absence of an 
adequate supply of the micronutrients. In spite of the extreme 
importance of these elements, there is very little known about 
the amounts of each of them necessary for the growth of these 
plants. A few of the more important plant species have already 
been subjected to investigation with regard to micronutrients. 
For many others, a cure-all spray has been developed which 
makes their growth possible. The soil in a large portion of the 
area suited by climate and elevation to the growth of subtropical 
fruits is highly alkaline and deficient in nearly all the elements 
except calcium. The soils of the remaining portion are sands 
which are deficient in even this element. 

The alkaline soils are located south of Miami. They are de¬ 
rived from an oolitic limestone which contains very few im¬ 
purities. The mineral fraction of these soils is 90 or more per¬ 
cent calcium carbonate with the balance made up of silica and 
iron oxide. It is the organic fraction which makes it possible 
for these soils to be used for agricultural purposes. The raw 
rockland, recently scarified, will have a pH of 8.2. Nevertheless 
with proper management good plant growth can be obtained. 
Once there is some shade, organic matter will accumulate on 
the surface. If this layer of organic matter is not mixed with 
the soil by cultivation, it will eventually become acid. Surface 
soil samples taken from groves in the Redlands had a pH of 7.0 
to 7.6. An occasional sample was even more acid. Some ham¬ 
mock soils which were purely organic had pH values as low as 
4.3 This acid condition has no permanence, however. Even old 
land with a thick layer of debris will lose its ameliorating blanket 
when exposed to direct sunlight. 

In other sections of the State, suitable to the culture of sub¬ 
tropical fruits, acid sands predominate. These present an en¬ 
tirely different set of problems than the soils in the vicinity of 
the Sub-Tropical Experiment Station. As a result, the problems 
connected with subtropical fruits in these acid sands have been 
somewhat neglected. The practices recommended for citrus cul¬ 
ture have usually proved adequate in these areas. The Plant 
Introduction Garden of the Bureau of Plant Industry and the 
experimental farm of the University of Miami are also in the al¬ 
kaline soil area, w'hich is unfortunate. 

At present avocados and mangos are the most important sub¬ 
tropical fruits in Florida. The micronutrient requirements of 
these trees have been studied in some detail in the field and under 
controlled conditions. Although both of these fruits are impor¬ 
tant in other countries and have been subjected to study in those 

'•—Assoc. Soils Chemist, Subtropical Expt. Station, Homestead. 
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countries, most of the work on nutrition has been undertaken in 
Florida or California. Papayas, guavas, and some of the lesser 
fruits have been subjected to preliminary investigation and are 
pown successfully. The pineapple has been thoroughly studied 
in Hawaii and Puerto Rico, but very little of the information 
obtained under those conditions is applicable to its culture in 
Florida. 

Successful grove culture without the use of mieronutrient 
sprays has not been possible in the Homestead area, since the 
organic nitrogen fertilizers are no longer available or prohibi¬ 
tively expensive. Backyard trees and an occasional pothole plant¬ 
ing will succeed without these sprays but no extensive planting 
is known where the trees are in the best condition without such 
sprays. Favorable response has been obtained to nearly all of 
the elements except iron. Zinc deficiency was the first nutritional 
disease of avocados to be described. The latest to be described 
in the Homestead area is the result of boron deficiency. 

Little-leaf of avocado, the disease caused by severe zinc de¬ 
ficiency, was first described by Coit (1) in California. A com¬ 
plete description of this disease was given by Parker (4) in 
1936. Ruehle (5) recognized this deficiency in Florida in 1938 
and corrected the trouble with a foliage spray containing 10 
pounds of zinc sulfate and 5 pounds of hydrated lime in 100 
gallons of water. Sprays of manganese and iron salts on trees 
in the same grove did nothing to improve the condition of the 
trees. Ruehle (5) observed that zinc deficiency symptoms were 
much more severe in dry seasons and in p’oves where inorganic 
sources of nitrogen was used in the fertilizer program. 

Copper deficiency in avocados was reported by Ruehle and 
L^pch (6). This occurred on newly-cleared, acid, sandy soils in 
Highlands County. The trees were young and in the early stages 
of the disease, appeared starved. The old leaves became dull 
and the veins prominent. In the next stage, the old leaves were 
shed and the branch tips died back. Multiple budding was a 
common symptom. An application of copper sulfate to the soil 
at the rate of two ounces per tree was sufficient to correct the 
condition. The use of manganese sulfate or mixed fertilizer with¬ 
out copper aggrevated the condition. Bordeaux or a neutral 
copper spray was suggested as a remedy for the deficiency but 
was not tested. 

Two varieties of avocado were studied in sand culture by 
Furr, Reece, and Gardener (2). They described nitrogen, phos¬ 
phorus, potassium and magnesium deficiencies, as well as the 
micronutrient deficiencies boron, copper, iron, manganese, and 
zinc. In the relatively short time their experiment was carried 
on, severe copper and zinc deficiency symptoms as reported by 
Ruehle (6) and Ruehle and Lynch (6) did not develop. Iron 
chlorosis was severe, with the young leaves almost free of chloro¬ 
phyll. In the absence of manganese the older leaves commenced 
bleaching between the veins. This first appeared as separate 
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spots but gradually only the veins remained green. The leaves 
also became chlorotic when boron was withheld. The leaves 
fired at the margins and dropped prematurely. New shoots were 
short with small leaves. At the end of the two years of the test, 
dieback was already commencing. This has not been reported 
under grove conditions. Recently Dr. Roy W. Harkness of the 
Sub-Tropical Station has found that darkening of avocado seeds 
was related to low boron content of the leaves. This condition 
was not found where the trees received boron as a soil treatment. 
Most embryos in seed of untreated trees were dead or injured; 
from the treated trees only half the embryos appeared defective. 

Zinc deficiency in the mango was observed by Lynch and 
Ruehle (3). The symptoms were similar to those in the avocado. 
They were most severe after prolonged dry weather on trees 
that had been liberally fertilized. The leaves were small and 
thickened. In some cases they formed rosettes. The condition 
was corrected by a foliage spray containing 5 pounds of zinc 
sulfate and 2.5 pounds of hydrated lime in 100 gallons of water. 
At the last meeting of the Mango Forum, Dr. T. R. Robinson 
reported that fruit cracking of mangos of the Sandersha type 
was prevented by the use of borax at the rate of two ounces per 
tree on the sandy soils of the West Coast of Florida. 

For the rest of some 1400 odd species of plants now growing 
at the Sub-Tropical Experiment Station, we have no very definite 
information. It is the practice to spray these plants several 
times during the year with a nutritional spray containing copper, 
manganese, and zinc. A typical spray mixture is suggested in 
the recently revised avocado bulletin, “Avocado Production in 
Florida,” by Wolfe, Toy and Stahl, revised by G. D. Ruehle (7). 
They recommend three pounds of copper sulfate or the equiv¬ 
alent in one of the neutral coppers, two pounds of zinc sulfate, 
two pounds of manganese sulfate, and sufficient hydrated lime 
for their neutralization, in 100 gallons of water. It may not be 
advisable to include the manganese in the spray more often 
than once a year. 

This nutritional spray is recommended for use on plants in 
the Rockdale soils. Recently it was used in the greenhouse on 
Macadamia seedlings planted in regular potting soil. These 
seedlings developed a severe chlorosis almost at once. The chlo¬ 
rosis was corrected by spra 3 dng with a weak solution of ferrous 
sulfate but the plants were considerably set back before the 
nutritional balance was restored. On the acid soils throughout 
the rest of the State, soil treatments seem preferable to nutri¬ 
tional sprays. The elements applied in this way are available to 
the trees but do not have to be applied at such frequent intervals. 

It is impossible to overestimate the importance of the micro¬ 
nutrients in the growth of subtropical fruits. Because of the 
inherent nature of the soils in the areas suitable for the gro'vrth 
of these plants in Florida, most of the elements must be supplied 
by the fertilizer or nutritional sprays. On the alkaline soils, 
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sprays have proved to be the only satisfactory method of appli- 
cation. On the acid sands, the required elements may be in¬ 
cluded in the fertilizer. The study of the problem of micronu¬ 
trients in subtropical fruits has just begun, but it is a good 
beginning. 
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ANIMAL RELATIONSHIPS TO TRACE ELEMENT 
NUTRITION UNDER FLORIDA CONDITIONS 

R. W. Kidder' 

The so-called trace elements have made a very important 
contribution to the success of all branches of Florida agricul¬ 
ture. As a result of this the public in general is perhaps more 
interested in these special elements and better informed about 
their importance than is characteristic of many other sections 
of the country. 

Some regions are especially noted for their naturally^ healthy 
livestock. The Bluegrass region of Kentucky with its fine horses 
and the Shenandoah Valley of Virginia with its excellent cattle 
are typical examples of such areas. In these regions the major 
and trace elements are supplied by the natural soil in such pro¬ 
portions that there are no deficiencies or toxicities which appear 
in the livestock as an improper mineral balance. 

In Florida there are areas of deficiency of both major (2) 
and trace elements as well as some places where toxicity is found, 
due to excess of some of the latter. Even though phosphorus 
mining is a major industry in Florida, some native pastures are 
deficient in this element (4) (18) (20). In such areas cattle 
consume all of the skeletons from dead animals and often chew 
up every piece of wood or lumber brought into the pasture from 
some other place. In other areas the cattle often chew oyster 
shells or other calcareous rocks indicating a craving for lime or 
calcium (5). Dairy cattle or beef cows nursing calves show these 
effects of lime deficiency more quickly than dry cows or steers, 
due to calcium being secreted in the milk. This secretion ocas- 
sionally is accomplished by the removal of calcium from the 
bones causing them to become thin and brittle and easily broken. 
Frequently trace element deficiencies appear in herds also de¬ 
ficient in phosphorus and calcium (3). 

Inadequate nutrient diets especially during the winter months 
are often associated with trace element deficiencies. Minerals 
are essential to such animals but are not a substitute for total 
digestible nutrients nor for unbalanced rations due to lack of 
protein. 

Florida cattle suffering from mineral deficiencies are often 
seriously handicapped by parasitic infestation. Under such con¬ 
ditions the animal fails to respond to worm treatment alone or 
to minerals but must have both conditions corrected to attain 
normal growth or production. Since some internal parasites are 
harbored by most Florida cattle and since clinical cases of para- 

—Associate Animal Husbandman, Everglades Experiment Station, Belle 

Glade, Fla. 

—Reference is to Literature Cited at end of paper. 
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sitism are not common in cattle on adequate rations, the best 
control for internal parasites is to be sure the animal has an ade¬ 
quate ration, including digestible nutrients and minerals. 

The natural feed for cattle is pasture grass. Cattle should 
be able to get all of their requirements of feed and trace elements 
from the pasture, if supplied with some salt, calcium and phos¬ 
phorus. Before it was known how much copper cattle required 
in the Everglades, the cattle were maintained by feeding cotton¬ 
seed meal. Trace element problems can be handled by shipping 
in Prairie hay or other feeds to feed the cattle during the winter. 
Some cases have been observed where trace element problems 
were intensified due to the molybdenum content of alfalfa hay 
shipped into Florida. 

The most common and satisfactory method of getting trace 
elements to Florida cattle is the mineral mixture box (2). The 
salt requirement of Florida cattle is less than that amount usually 
considered to be normal. When mixed with bone meal the salt 
acts as a preservative for the bone meal and the bone meal dilutes 
the salt making the combination more palatable than either one 
alone. The trace elements can be added readily to this combi¬ 
nation. 

To increase the palatability of mineral mixtures some have 
added feeds such as cottonseed meal, corn meal or molasses. A 
few very satisfactory mineralized pellets have been produced 
and used. 

The cattleman must see that the minerals are kept dry in 
the box; that they are kept fresh by frequent refills; and that 
the height of the box is such that all animals can reach them 
easily. 

A satisfactory mineral mixture must be made available at 
a reasonable price. To keep the cost of the mineral mix at a 
minimum there should be included only those materials known 
to be lacking in the feed and these in adequate but not excessive 
amounts. A commercial concern should not attempt to sell a 
cattleman any mixture that does not meet the needs of the cattle 
in the area, nor one that contains some inert, unnecessary, or 
even harmful material in order to reduce its selling price. 

One of the complications of understanding mineral mixtures 
is the difference between the registration tag and the percentage 
of each material included in the mixture. Many cattlemen read 
the list of elements included on the tag but do not understand 
the meaning of the figures representing the guaranteed analysis. 
When copper sulfate, for instance, is used as the copper source, 
each one percent copper sulfate adds 0.25 percent of copper 
element. This allows some dealer representatives to sell mix¬ 
tures containing the correct elements but in quantities which do 
not meet the needs of the animals in certain areas. 

The several trace elements necessary for Florida cattle are 
used by the animal in one or more ways. There may be a simple 
deficiency to be met. The particular element may be a necessary 
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catalyst in the assimilation of other necessary elements. There 
is strong evidence that some, such as cobalt, may be involved 
in supplying necessary nutrients for essential digestive flora. 
In the case of copper and molybdenum, the higher rates of cop¬ 
per are necessary to a large extent to counteract the toxic effect 
of excessive molybdenum, found in some forages. Experiments 
have not successfully differentiated between the symptoms of 
copper deficiency and those of molybdenum toxicity. Some areas 
have been found to be copper deficient where molybdenum has 
not been demonstrated in amounts known to be toxic. Cattle in 
these areas respond to high rates of copper consumption in the 
absence of toxic levels of molybdenum. Several years ago a 
few cattle from the Moore Haven area responded to aluminum 
(13). Most of the cattlemen in that area continue to use alum¬ 
inum in their salt mixtures. 

Iron in the form of red oxide has been used as a constituent 
of the mineral mixture fed Florida cattle for a number of years. 
Some areas may need this iron while other areas have adequate 
iron in their forage and drinking water. It is possible that part 
of the response to the 26 percent red oxide used in the salt 
mixture was due in some areas to the presence of other elements 
in the red oxide, such as cobalt and aluminum. The red oxide 
of iron contained nearly 3 percent aluminum. 

The inter-relation and inter-dependence of these trace ele¬ 
ments is important as well as the compound from which the 
element is derived. Experiments with copper illustrate the im¬ 
portance of knowing the relative effects of different compounds. 
A solution of copper chloride containing 10 mg. copper per 10 
ml. water using the 10 ml. dose intravenously at 10-day intervals 
successfully cured advanced cases of copper deficiency. Copper 
sulfate (CuSOi .5H.O) given orally in 5-gram doses at 10-day 
intervals will correct copper deficiency. Copper oxide and basic 
copper sulfate will also correct copper deficiency when adminis¬ 
tered at the same copper level as contained in 5 grams copper 
sulfate. Metallic copper is now under trial and another copper 
product called “copper cement” will be tried later. 

Soil treatments with copper sulfate at the rate of 100 pounds 
per acre produced grass which readily corrected copper de¬ 
ficiency for about tw'o years, after which this curative effect w'as 
lost. This illustrates the futility from an economic standpoint 
of attempting to alleviate the trace element deficiencies entirely 
through soil amendments, at least under certain conditions. 

Some cattlemen have dusted their pastures with copper sul¬ 
fate by plane using 10 to 20 pounds per acre. Cattle grazing 
this grass get a large but uncertain dose of copper. Other cattle¬ 
men have added copper to the drinking water. It usually is pos¬ 
sible to separate from the herd a few individual animals that 
require special attention and treatment with trace elements. 

The extent or limits of copper deficiency in Florida are not 
well defined (21). Regions of greatest need are the muck areas 



Figure 1.—Giade Devon heifer (EES. No. 129) at about 6 months 
of age showing eaily symptoms of typical copper deficiency, i.e. 
swollen ankles front and back, rough hair coat and uncomfortable 
postuie even before scouring bleaching of hair coat or much loss 
of condition has occuried. 


but copper deficiency is prevalent in most of the east coast areas 
from Palm Beach County southward. Cattle in the Arcadia 
area respond to extra copper. Many of the cattle from LaBelle 
southward show copper deficiency symptoms sometimes exces¬ 
sively under uncontrolled conditions. 

Under certain conditions copper sulfate is toxic. One 600 
pound steer was destroyed by chronic copper toxicity after 122 
daily doses of 5 grams copper sulfate (14). The same amount of 
copper as copper oxide was administered to 2 steers daily for 
15 months without developing any symptoms of toxicity. 

Molybdenum toxicity has been mentioned as being similar to 
if not identical with copper deficiency. The other trace elements 
which may be toxic under certain conditions are cobalt and 
fluorine (6). Rare cases of over dosage with cobalt have been 
reported. An animal might have to consume 20 times its require¬ 
ment to produce any undesirable effects. Fluorine is present 
in raw rock phosphate in sufficient amounts to severely affect 
the teeth of cattle. Defluorinated phosphate is used safely in 
mineral mixtures when prepared so that the fluorine content is 
less than 0.2 percent. 

Several elements have been fed experimentally to Florida 
cattle without obtaining beneficial results. Arsenic was thus 
tried orally as sodium arsenate and intravenously as sodium 
cacodylate. A slight stimulation was the only measurable effect 
on the animals. Neither potassium as saltpeter or phosphorus 
as sodium phosphate were effective in improving the condition 
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Figure 2.—ABOVE: Devon calf (EES. No. 547) with con¬ 
genital copper deficiency shown by stiff bent ankles, most 
severe in front. Note appearance of severe pain while 
trying to move. Photo taken before copper therapy was 
started. 

BELOW: Same calf as shown above after having re¬ 
ceived 4 weeks of copper therapy which involved drenching 
with 1/10 gram of copper sulfate in 6 oz. water twice a 
week. As a result of this treatment this calf developed into 
a mature cow normal in every respect. 
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vantages in much of Florida particularly in the southern part 
of the peninsula: 

50 pounds steamed bone meal 
45 pounds salt 
2 pounds copper sulfate 

1 pound copper oxide 

2 pounds aluminum sulfate 
1 ounce cobalt carbonate 


The analysis tag for this mixture would read: 
Calcium (Ca) 13.00 percent 

Phosphorus (P) 6.00 percent 

Salt (NaCl) 45.00 percent 

Copper (Cu) 1.27 percent 

Aluminum (Al) .20 percent 

Cobalt (Co) .03 percent 


Some might want to add iron to this mixture. Perhaps the 
cost could be reduced if part of the calcium and phosphorus 
came from the defluorinated phosphate. These additions, how¬ 
ever, would reduce the palatability and consumption rates. 

As this formula stands there is no danger of copper toxicity 
because three-fifths of the copper is from oxide and two-fifths 
from sulfate. Only the sulfate is toxic and 0.5 percent of copper 
(Cu) from this source is well within the limits of tolerance. If 
the animal needs more than that amount the 0.75 percent from 
the non-toxic source of copper oxide is available without danger 
of injuring the animal. 

The highest rate of consumption on our records for approxi¬ 
mately this formula is 40 pounds per animal annually. At 1.25 
percent elemental copper this is an annual consumption of 0.5 
pounds of the element. This is equivalent to about 3 grams 
CuSOt average daily intake for one year. The animals consuming 
this amount remained normal in every way. 

Continuing research probably will indicate that cattle need 
other trace elements. Manganese is one which has been studied 
However, sufficiently definite results were not obtained to in¬ 
dicate that it should be included. While these studies are being 
continued a mineral mixture similar to the one given should keep 
the cattle of Florida in reasonably good health. 
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SOME ESTIMATES ON THE AMOUNTS OF SECONDARY 
PLANT FOODS USED ON FLORIDA CROPS 


J. J. Taylor* 

An attempt has been made to determine as closely as possible 
the approximate amount of secondary plant foods used in Florida 
agriculture during the past year. Several manufacturers were 
requested to furnish us information as to the tonnage used in 
their manufacturing of mixed fertilizers on the following items: 
copper, manganese, zinc, boron, iron and magnesium. 

The several manufacturers who sent us reports gave a total 
tonnage of magnesium in its various forms as 15,943 tons. Since 
magnesium was by far the largest single item, it may be of 
interest to show that of this total 13,755 tons were sulphate of 
potash with magnesia, 1,335 tons of magnesium sulphate (Em- 
jeo) and a small tonnage of seawater magnesium oxide, magne- 
cite and brucite. This does not include dolomite. 

Other secondaries were Copper sulphate 1,641 tons. Manga¬ 
nese sulphate 2,654 tons. Zinc sulphate 326 tons. Iron sulphate 
496 tons. Borax 288 tons, making a total tonnage of secondary 
plant foods of 21,348 tons. The companies which reported these 
figures to us put out a combined tonnage of approximately one- 
third of the total tonnage of the State. 

Assuming that the other manufacturers of the State used 
secondary plant foods in their mixtures in approximately the 
same proportion as those reporting, it would indicate that be¬ 
tween 60 and 65 thousand tons of secondary plant foods are going 
into mixed fertilizers each year in Florida. 


'—State Chemist, Chemical Division, State Department of Agriculture, 
Tallahassee, Florida. This communication was in the form of a letter 
to the Secretary of the Society. 



THE RELATIONSHIP OF TRACE ELEMENTS TO THE 
GROWTH OF AGRICULTURAL PLANTS IN THE 
WESTERN STATES 

Frank E. Gardner‘S 

In view of the fact that the time of our meetings in June con¬ 
flicted with certain National and International meetings in both 
plant and animal sciences it was not found possible to have a 
representative from the West Coast either prepare a paper on 
the above subject or be present in person for its discussion. In 
consequence of such a situation, Dr. Gardner very kindly agreed, 
on very short notice, to give a purely extemporaneous review of 
the work that has been done out there and is under way at the 
present time. This he was able to do very well indeed because of 
Ws personal responsibility for the USDA Sub-tropical Fruit 
Program in California and Florida, with headquarters at Orlan¬ 
do, and because of his quite intimate knowledge of past accom¬ 
plishments and present activities in the field of plant physiology 
in both sections of the country. 

In his brief review. Dr. Gardner of course dwelt at some 
length on basic work in plant nutrition that has been done in 
the west during the past quarter century by an extensive sequence 
of brilliant workers stemming from the time of Dr. C. B. Lipman 
and his contemporaries and also covered many of the practical 
applications of this work in the field where it has done so much 
for culture of such perennials as citrus, walnuts and olives as 
well as many other horticultural crops and farm crops. Ed. 


*—Principal Horticulturist in charge of Sub-tropical Fruit Investigation, 
U.S.D.A., Orlando. 



REGIONAL REPORT ON TRACE ELEMENTS IN 
PLANTS AND SOIL IN THE NORTH 
CENTRAL STATES 

Robert E. Lucas* 

Before discussing trace element studies for the North Central 
States, I must state that our work is behind the research here 
in Florida. Much of our findings are no more than facts con¬ 
firming your observations. 

Only in the last decade have we realized the extensive need 
for the major plant nutrients, N-P-K. When I was attending 
Purdue during the late ’30’s, we were instructed that properly 
fertilized corn should get 75-150 pounds per acre of 0-14-7, and 
wheat 150-200 pounds per acre of 2-12-6. What a change has 
come about both in the amounts and in the formulaes! It is 
no wonder that trace element research has been neglected. Now 
that crop specialists have major nutrient problems reasonably 
evaluated, they are beginning to broaden their interest and in¬ 
clude trace element studies. From the investigations already 
made, we are finding that not only may a lack of certain trace 
elements affect crop yields, but it may also cause malnutrition 
in animals. Another reason for our neglect in trace element re¬ 
search is the difficult task of determining the amounts present in 
plant material and in the soil. The use of new spectrographic 
techniques and the colorimetric methods are overcoming this 
quantitative problem. 

Of the states in our area, Michigan has probably contributed 
the most research in trace elements. According to Dr. J. F. 
Davis,** members of the Michigan State College Soil Science De¬ 
partment have published over 50 papers and reports on this 
subject. At the present time nearly 40 crops are listed as needing 
trace element fertilization. Many of these recommendations deal 
with crops grown on muck soil. The organic soils in Michigan 
amount to apinroximately five million acres. Of this acreage only 
a small part is now under cultivation. However, that under cul¬ 
tivation often needs one or more trace elements for maximum 
crop growth. On the mineral soils, alfalfa, beans, and sugar 
beets often need trace element fertilization. There are large 
acreages of these crops in Michigan. 

Dr. K. C. Berger** informs me that the consumption of trace 
elements in Wisconsin is constantly increasing. This is par¬ 
ticularly true of borax. He believes that nearly two-thirds of 
the acreage in alfalfa shows boron deficiency. In 1949 over lOOO 
tons of borax were used. The use of other trace elements has 
not been as spectacular but they have a need for manganese on 

■ —^Agronomist in charge of research, Wm. Gehring, Inc., Rensselaer, Ind. 

**—Private communication. 



158 


the alkaline (calcareous) soils, particularly for oats and wheat. 

Dr. Ohlrogge, reporting for the Purdue Agronomy Depart¬ 
ment, stated that about one-fourth of their fertility funds are 
for minor element studies. He felt the proportion was a fair 
balance with other fertility problems, and he did not expect much 
of a change in the near future. 

In general the trace elements which give us the most trouble 
are boron and manganese. Both elements are usually deficient 
on over-limed and calcareous soils. Boron deficiency is corrected 
by mixing borax in the fertilizer at the rate of 10-25 pounds per 
acre. Because the amounts are small and the material inexpen¬ 
sive boron may soon be a standard recommendation for all alfal¬ 
fa and beet fertilizers. Manganese deficiency is corrected either 
by applying as a fertilizer (50-100 pounds per acre of manganese 
sulfate) or as a spray (3-10 pounds per acre). The use of sulfur 
and acid forming fertilizers may be recommended by some crop 
specialists. 

Recently the need for copper is being recognized on soils other 
than organic soils. Berger reports that sweet corn responds to 
this element when grown on some Wisconsin sandy soils. In 1949 
our organization lost about 50 acres of wheat because of a severe 
copper deficiency. The soil tj'pe was a Newton sandy loam. This 
wheat followed a good potato crop. If we would have used Bor¬ 
deaux instead of Dithane as the fungicide for potatoes we would 
not have observed the trouble in the wheat. Incidentally, test 
spray plots on the wheat foliage showed that molybdenum stimu¬ 
lated growth as well as copper. 

The use of zinc as a fertilizer is not common in our area 
for seldom does one see zinc deficiency symptoms on crops; 
nevertheless, the use of zinc fertilizers and sprays does improve 
the yield and quality of produce. We are observing the benefits 
of zinc more since we have been using it in our fungicide sprays. 
The findings of Hoyman in North Dakota on potatoes well illus¬ 
trates plant stimulation due to zinc sprays. 

In the past our work with trace elements has been mostly 
field experiments, describing deficiency symptoms, and corre¬ 
lating soil factors which cause trace element problems. Such 
studies are fundamental, but they do not answer the role of 
trace elements in plants. We have practically no information on 
what effect trace elements have on the animals that consume 
feeds which contain various amounts of trace elements. The 
inter-relationship of trace elements in plants is also a field 
which needs greater study. 

Using trace elements in our fertilizer is causing some manu¬ 
facturing problems. One is the tendency to express the amount 
in fertilizer as the per cent carrier in the fertilizer rather than 
as the elemental form. Another problem is, how are we to label 
the bag for N-P-K when trace elements are added? Most states 
require that the manufacturer adhere strictly to the rule in that 


*—Private communication. 
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they sell only recommended formulaes and that the analysis be 
correct on a percentage basis. Since the proportions and the 
calls for trace elements are so variable, the fertilizer companies 
find it difficult to meet recommended formulaes and still keep 
down production costs. Recognizing this problem, the Michigan 
muck farmers have asked their state chemist to permit the sale 
of standard grade fertilizers that have trace elements added when 
requested. For example, if a farmer wants 100 pounds per ton 
of copper sulfate in his 0-10-20, then the company makes a 
mixture of 1900 pounds of 0-10-20 and 100 pounds of copper 
sulfate. An additional tag is then placed on the bag showing 
the correct formulation. Our organization used about 600 tons 
of fertilizer with trace elements added. We believe the system 
used by the Michigan people is clear and simple and helps keep 
down production costs. 

The Wisconsin fertilizer people are trying to follow the sys¬ 
tem of mixing trace elements in high analysis grades and then 
selling the fertilizer as a medium grade. For example, 3-12-12 
with trace elements is made from 5-16-16; 0-9-27, containing 
borax is made from 0-10-30. 

Another question which often comes up is whether we should 
buy “mineralized” fertilizers (those containing all knowm trace 
elements) or fertilizer with only the requested trace elements 
added. Either practice has its good points. “Mineralized” fer¬ 
tilizers have paid returns on some crops because we failed to 
recognize the various trace element problems. On the other 
hand, such fertilizers are more expensive and one may be buying 
ingredients which are not necessary. Furthermore, certain crops 
like beets and alfalfa require quantities of boron w'hich would 
prove disastrous for beans and small grasses. The same prob¬ 
lem might be true for copper and manganese. According to 
Berger the inclusion of manganese in fertilizer w'ould injure 
potatoes growdng in parts of Wisconsin. In general, I feel that 
as w'e become more informed in trace elements, we will use them 
only for certain crops and soil types. 

Our w'orkers have recently become interested in the effect of 
trace elements upon quality. Those familiar with boron physi¬ 
ology know that a lack of this element in such crops as celery, 
beets, alfalfa, and turnips can markedly lower quality. Some of 
my study in trace elements has been to determine the effect of 
copper fertilization on the ascorbic acid and carotene content 
of plants. It was found that there w'as no effect in some crops 
while others show’ed definitely significant differences. The pro¬ 
tein content of copper deficient plants was found to be high. 
Sherman and Harmer (Michigan) have shown that manganese 
deficiency may low’er the ascorbic acid in plants. The sugar 
content of carrots and table beets was also found low when these 
crops were grown on copper deficient soils. 

A series of 5 photographs is appended to show' some of the 
plant responses that have been referred to above. 
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Figuie 1.—Corn showing copper deficiency growing on acid 
muck in Indiana. SjTnptoms- yellow streaks on leaves. 
Top leaves may be solid yellow. Distinguished from zinc 
deficiency by absence of any white areas. 



Figure 2,—Corn showing zinc deficiency growing on New¬ 
ton sandy loam, Jasper County, Indiana. Symptoms—same 
as described for zinc deficiency of corn in Florida—charac¬ 
teristic white bud aiea. In advanced stages the lower 
leaves show purple color. 
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Figuie 3. Oats showing copper deficiency growing on 
muck soil in the greenhouse. Symptoms—flight yellow cast 
to leaves with some streaking. Top young leaves show 
more yellow than older leaves and may fail to open from 
curl. Slight tip dying. Note: Deficiency symptoms of wheat 
show pronounced lemon yellow color. Distinguished from 
nitrogen and manganese deficiency by high nitrate nitrogen 
test and a noticeable dying at the end of the leaves. 



Figure 4.-—Check row in soybean field that had not been 
sprayed with manganese sulfate. This trace element prob¬ 
lem is common in over-limed soils of Northern Indiana. 
Symptoms—lemon yellow to nearly white leaf coloi, es¬ 
pecially on young leaves. Slightly affected leaves show 
prominent, dark colored veins. Photo courtesy of the 
Agronomy Department, Purdue University. 
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Figure 5,—Marked eifect of soil fumigation with Dichlo- 
ro-propene (Dow Fume N) on the growth of wheat. Light 
area on left not fumigated; dark coloied plants on right 
fumigated. The actual iespouse was a collection of man¬ 
ganese deficiency. 



TRACE ELEMENT RESEARCH IN THE NORTH EASTERN 

STATES 


E. R. Purvis ' 

According to a recent survey (1), 12 trace elements have 
been investigated by the various Experiment Stations of the 
northeastern states. Beneficial results have been obtained from 
field applications of salts of boron, copper, iron, manganese, 
molybdenum and zinc to certain crops. To date, negative results 
have been obtained from plant studies with cadmium, chromium, 
cobalt, iodine, strontium and vanadium. Forage plants have been 
found to contain insufficient cobalt to meet animal requirements 
in some areas of New Hampshire, New York, Massachusetts, and 
Vermont. 


Boron 

Boron is the trace element most commonly found to be de¬ 
ficient in the soils of this region and alfalfa the crop most wide¬ 
ly affected. Apples have responded to applied borax in Connecti¬ 
cut, New Hampshire, New York, Rhode Island, Vermont and 
West Virginia. Beets, broccoli, cabbage, cauliflower, celery, 
Ladino clover, tomatoes, and turnips are other crops often found 
to suffer from insufficient boron. A small increase in the yield 
of potatoes due to applied borax has been reported from Penn¬ 
sylvania. 

It is likely that most of the soils of the northeastern states 
are deficient in available boron—at least during certain periods 
of the year—^for the growth of crops having a high requirement 
for this element. During the dry summer of 1949, boron de¬ 
ficiency was observed for the first time in alfalfa growing on 
some of the heavier soil types in Northern New Jersey. Prior 
to this time, these soils had been thought to contain sufficient 
available boron for normal growth of alfalfa. Similar reports 
of the effect of drouth in producing boron deficiency have come 
from Connecticut. The Storrs Station reports that they have 
yet to test a Connecticut soil by the pot-culture method and find 
suflScient boron for the normal growth of turnips. 

All states of the northeast recommend borax for alfalfa when 
grown on soils known, or suspected, to be deficient in boron. 
These recommendations vary from 20 pounds of borax per acre 
annually to 40 pounds applied once in the alfalfa rotation. The 
borax is usually mixed and applied with fertilizer. Such appli¬ 
cations have become so common that most fertilizer companies 
operating in the area offer standard mixtures containing borax 
for alfalfa. In the 6 states where boron deficiency in apples 

*—Prof, of Soils and Research Specialist in Soils, N. J. Agr. Expt. Station, 

New Brunswick, N. J. 
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has been identified, from 2 to 8 ounces of borax per tree, depend¬ 
ing upon tree size, is recommended. Such applications are re¬ 
peated every 2 or 3 years. Recommendations for vegetable crops 
vary from io to 40 pounds of borax per acre, depending upon the 
crop and soil type. New Jersey recommends that all fertilizers 
contain 5 pounds of borax per ton and that fertilizer for tomatoes 
contain sufficient borax to supply 10 pounds to the acre. 

Most state laboratories in the Northeast test soils for avail¬ 
able boron. In New Jersey, 0.35 parts per million of available 
boron is considered the critical level below which crops are 
likely to respond to applied borax. Plant tests and the identi¬ 
fication of deficiency symptoms are other methods employed for 
detecting boron-deficient soils. 

Manganese 

Manganese deficiency is probably the second most important 
trace-element problem of this area. Deficiencies of this nutrient 
have been reported on overlimed soils only. In most instances 
the pH of deficient soils exceed 6.5, although deficiency naay occur 
at a slightly lower pH on light sandy soils. Vegetable crops, 
such as beans, beets, cabbage, cauliflower, and spinach, are 
commonly affected. There are instances, however, where the 
deficiency has been reported in alfalfa, apples, clover, corn, 
peaches, and the small grains. 

Recommendations for the correction of manganese deficiency 
include soil treatment with manganese sulfate at the rate of 50 
to 100 pounds per acre or spraying of crops with a dilute solution 
of manganese sulfate. In other instances the application of sul¬ 
fur to reduce the soil pH is resorted to. 

Manganese toxicity on acid soils has been reported in apples 
in West Virginia, tobacco in Connecticut, and in several lime- 
loving crops in Pennsylvania. Results from a study of the min¬ 
eral composition of leaves from a large group of native plants in 
the latter State show that one of the chief differences between 
calciphile and calcif uge plants lies in their manganese content. 

Copper 

Copper deficiency in the Northeast is believed to be confined 
to organic soils and is most likely to occur during the first few 
years that such soils are cultivated. The deficiency probably 
affects all crops but is usually reported in vegetable crops since 
the peat areas of this section are normally planted to such crops. 
In New York, the thickness and color of the scale of onions were 
improved by applications of copper sulfate up to 300 pounds to 
the acre. Connecticut studies have indicated that applied copper 
may counteract manganese toxicity in alfalfa. 

Iron 

Iron deficiency rarely occurs on the normally acid soils of 
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the Northeast. The deficiency does appear, however, when some 
soils are overlimed. Iron deficiency has been reported in vege¬ 
table crops growing on Connecticut soils that received heavy 
applications of wood ashes. New York reports the deficiency in 
blueberries and in most tree fruits grown in high-lime spots. 
Spraying with a 1 per cent solution of ferrous ammonium sul¬ 
fate is recommended for deficient blueberries. In New Jersey, 
the injection of iron salts into the trunks of aifected trees is 
recommended for correcting iron deficiency in pin oaks. 

Zinc 

Response to applied salts of zinc have been reported with 
potatoes in Maine and with corn in Maryland. Great variation 
has been found in the available zinc content of New Jersey soils 
and recently zinc deficiency in apples and peaches has been re- 
poi*ted in this State. 


Molybdenum 

Considerable work with molybdenum has been done in New 
Jersey during the past 2 years. The total molybdenum content 
of samples from 18 important New Jersey soils was found to 
vary between 0.8 and 3.3 parts per million. Alfalfa from a num¬ 
ber of locations was found to contain from less than 0.1 to 1.4 
parts per million of molybdenum on the dry-weight basis. 

Significant increases in yield have been obtained from appli¬ 
cations of 1 pound sodium molybdate per acre in 6 out of 6 
field tests with alfalfa growing on some of the heavier soil types. 
These increases ranged as high as 27 per cent and averaged 13 
per cent for all tests. The molybdenum-treated alfalfa was found 
to contain appreciably more nitrogen than untreated plants in 
4 of the 6 tests. 

Results from greenhouse pot tests indicate that one of the 
principal benefits of liming upon the groT^d;h of alfalfa may lie 
in the release of molybdenum from the soil. Working on the 
theory that plants grown on acid soils may have difficulty in ob¬ 
taining suflicient molybdenum, a remarkable response was ob¬ 
tained in a greenhouse test in which potato seed pieces were 
dipped in an 0.10‘‘r solution of sodium molybdate. An increase 
in tuber production of 87 Yc was obtained. This treatment is be¬ 
ing tested in the field at 6 locations in New Jersey this season. 

Recently the New York Station has reported that molyb¬ 
denum teatment eliminated “whiptail” in cauliflower when ap¬ 
plied to acid Long Island potato soil in a greenhouse test. 

Current Trace-Element Research in the NoHheast 

Interest in trace-element research continues in all States of 
the Northeast. Most of the agricultural experiment stations of 
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Figure 1.—Response of Katahden potato to treat¬ 
ment of seed piece with molybdenum shown growing 
under greenhouse conditions in a Nixon sandy loam 
with a pH of 5.2 and a uniform treatment with NPK. 

Photo taken 107 days after planting. 

LEFT—^no treatment of seed piece. 

RIGHT—seed piece dipped for 10 minutes in a 
0.01 percent solution of sodium molybdate. 

the area have active projects underway at present. The nature 
of these projwts vary from surveys to find deficient areas to 
elaborate projects involving the work of a number of investi¬ 
gators. Projects of the latter tj'pe are under way in Connecticut, 
New York, and New Jersey. In the latter state, the soil and 
plant status of copper, cobalt, chlorine, fiuorine, iodine, man¬ 
ganese, molybdenum, and zinc are each being investigated in one 
or more projects. 

The physiological relationships existing between the various 
trace elements in plant nutrition are attracting more and more 
attention. The effect of copper in partially correcting manganese 
toxicity has been mentioned. There is evidence that the molyb¬ 
denum r^uirement of legumes is increased on soils having a 
high available manganese content. Molybdenum salts have been 
found to partially counteract the toxic effects of heavy applica¬ 
tions of borax to alfalfa. The relationship between the roles of 
iron and manganese in plants remains a controversial issue. The 
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importance of trace elements in the formation and activity of 
plant enzymes is being more widely recognized. All of these 
factors indicate that the blind application of trace-element mix¬ 
tures on a “cure-all” basis should be viewed with caution. Such 
treatment may well create problems of a more serious nature 
than those it was intended to correct. 

EEFERENCES 

1. Correspondence with staff members of the various Experiment Sta¬ 
tions of the Northeast. 



PLANT RESPONSE TO TRACE ELEMENTS IN 
SOUTHEASTERN UNITED STATES 

James A. Naftel’ 

Soils, climate and crops of the South are such that trace ele¬ 
ments are important in crop production. Large areas of the 
South consist of sandy or light textured soils, easily leached and 
with low organic matter content. The climate is characterized by 
relatively high temperature and rainfall. Crops grown include 
field, vegetable, fruit and tree crops, as well as many ornamentals. 

During the past 75 to 100 years most of the crop land has 
been clean cultivated, thus exposing the soils to the extreme 
ravages of erosion, oxidation and other processes of soil nutri¬ 
ent losses. Many of the soils have been formed under conditions 
of extreme weathering and hence losses of much of their mineral 
content. 

Recently through educational, economic, and governmental 
programs, large acreages of row crop land are being diverted to 
sod crops or what is now commonly referred to as “Grassland 
Farming.” This trend toward sod crops will have significant 
effects on the needs and conservation of trace element plant nu¬ 
trients since this development includes many leguminous plants 
that respond favorably to some trace elements. 

Soil fertility investigations were begun at some experiment 
stations in the South more than 60 years ago. Major interest was 
in N.P.K. and lime during that time, which resulted in the well- 
known use of commercial fertilizers. Of the approximately 10 
million tons used in the 13 Southeastern States in 1949, North 
Carolina alone used more than 1.8 million tons. The use of lime 
has not kept in balance with the use of the major elements; in 
large areas too little lime has been applied while in others exces¬ 
sive amounts have been used with unfavorable results. 

Trace element studies in the South had their beginning about 
25 years ago w’hen it was found that certain observed abnormali¬ 
ties of crops were not avoided despite the use of the commonly 
used major plant foods and lime. Actually the first experience 
of the author w-as in the Florida Everglades during 1926-28 in 
connection with Cu deficiencies on peanuts. Reports on the early 
trace element studies were made by Allison, Bryan, and Hunter in 
1927.-’ Interest and investigations of trace element needs fol¬ 
lowed a natural development in the field of soil fertility and plant 
nutrition in that chemical methods and technique had to be de¬ 
veloped not only for detecting and estimating the content of B, 
Cu, Fe, Mn, Mo, Zn, etc., but also to prepare pure culture mediums 
for fundamental studies. From this beginning of trace element 


1— Agronomist, Pacific Coast Borax Co., Auburn, Alabama. 

2— ^-Allison, R. V., Bryan, 0. C., and Hunter, J. H. Florida Agricultural 
Experiment Station Bulletin, No. 190 (1927). 
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studies in Florida, investigators in Alabama, Geor^a, Kentucky, 
North Carolina, and Virginia reported on early investigations 
during the middle and late thirties. 

Trace element studies in the Southern United States during 
the last two decades have in the main been in applied rather than 
in pure science in an effort to determine plant response to ad¬ 
ditions of single or combinations of trace element compounds to 
soils. Trace elements have been supplied to crops and soils by 
applications in the regular fertilizer mixtures or as direct appli¬ 
cations in dusts or sprays singly or in combination with pesti¬ 
cides. Where there are specific recommendations for the use of 
trace elements for certain crops, the fertilizer manufacturer can 
incoporate the trace element into the fertilizer mixtures with a 
guarantee of analysis. Also where there is a general recommen¬ 
dation for the incorporation of minimum amounts of trace ele¬ 
ments in all grades of fertilizers within a state, as some are now 
doing, the fertilizer manufacturer has no particular problem in 
compliance. The real difficulty in supplying trace elements is 
where prescription and varying amounts are requested by grow¬ 
ers. There is an increasing interest in foliar application of trace 
elements, especially on fruit and vegetable crops where sprays 
and dusts for pest control are a matter of routine practice. The 
latter application can be made without much additional cost. 

The present discussion, therefore, will be largely concerned 
with the response of crops to trace elements in the Southeastern 
United States. For convenience the trace elements, B, Cu, Fe, 
Mn, Mo., and Zn, are arranged alphabetically and will be dis¬ 
cussed in this order. 

Boron:—Soil contents of B in the Southeast vary from ample 
amounts in the heavier more fertile soils to deficient amounts in 
the light sandy types of soil. B deficiency may be induced by over¬ 
liming on some soils.' 

Alfalfa has been one of the most valuable farm crops in 
large areas of the country but was generally found to be unsuc¬ 
cessful in the Coastal Plains and areas of other sandy type soils 
of the Southeast until B was added in addition to lime and other 
fertilizers.^ Now every state in the Southeast is producing alfal¬ 
fa crops of from 3 to 6 tons of hay annually and using from 10 
to 40 pounds of borax equivalent per acre in the regular fertilizer 
mixtures. 

Other field crops on which favorable practical results have 
been obtained with B fertilization are crimson, bur, button, red, 
and white clover, sweet corn, sweet potatoes, and tobacco, the 
latter crop responding favorably to only 2i '■* lbs. borax per acre. 

Boron has been commonly used on many truck crops in the 

3— Naftel, James A.; Soil Liming Investigrations: V. The Relation of Boron 

Deficiency to Overliming Injury, J. Amer. Soc. Agron. 29: 761-771 

(1937). 

4— Willis, L. G. and Piland, J. R.; A Response of Alfalfa to Borax, J. 

Amer. Soc. Agi'on. 30 : 63-67 (1938). 
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Southeast since the early report of Purvis and Ruprecht’ of the 
need for B addition to celery. Other vegetable crops quite com¬ 
monly fertilized with B are beets, broccoli, cabbage, carrots, 
cauliflower, lettuce, radishes, rutabagas, tomatoes, and turnips. 
Generally boron at the rate of 10 lbs. borax equivalent per acre 
has been recommended for the vegetable crops, although the 
more recent investigations have shown favorable results -with 
lower rates of boron such as 5 lbs. borax equivalent per acre. 

Fruit crops in the Southeast that respond to boron are apples, 
citrus, and grapes. Boron deficiencies are corrected on apples by 
appljflng from H to 1 lb. of borax equivalent per tree as a direct 
application or with the other fertilizers. Where B deficiency has 
been noted on citrus in Florida, boron is supplied to trees either 
in the spray or fertilizer applications. Foliar and fruit symptoms 
of B deficiency on grapes were corrected in South Carolina vine¬ 
yards by applications of 10 pounds of borax per acre.^ 

Copper:—Cu has been noted to be deficient in peat, muck, and 
other highly organic soils on the one hand and on sandy soils 
on the other extreme. Furthermore, organic and heavy soil 
types require and withstand more Cu than light soils. Due to 
the widespread use of sprays and dusts which contain Cu. there 
have been few clearcut examples of Cu deficiencies reported on 
crops grown in the field with the exception of those reported in 
Florida and in small areas of organic soils that contain high con¬ 
tents of lime. 

Iron:—^This element becomes a problem in plant nutrition 
on calcareous or alkaline soils. On some soils such as Sumter 
clay, which occurs in the black belt area of Alabama, Mississippi, 
and Texas, peanuts, common lespedeza, crimson clover and some 
grasses fail to make satisfactory growth due to iron deficiency. 
Soil applications of iron do not correct the deficiency but spray 
applications of iron compounds have given favorable results on 
experimental plots. On the other hand, small grains and Johnston 
grass appear to obtain sufSicient iron on the above soil. 

Iron deficiency has been recognized on citrus in Florida for 
a number of j'ears but this is being covered in another report. 

Ornamentals such as azaleas, camellias, roses, etc. often show 
iron deficiency w'hen grown in soils -with relatively high pH 
values; these deficiencies may be corrected either by spray ap¬ 
plication or by adjustment of soil reaction. 

Manganese:—Soil acidity is one of the most important fac¬ 
tors influencing the availability of Mn to plants. The strongly 
acid, sandy soils of the Southeast are most likely to be low in 
Mn, and when such soils are excessively limed, Mn deficiency 
may occur. The brown, chocolate and red soils often contain 

6—Purvis, E. R. and Ruprecht, R. W.; Cracked Stem of Celery Caused by 

a Boron Deficiency in the Soil, Pla. Agri. Exp. Sta. Bui. 807 (1987). 

6—Scott, L. E.; The Effect of Boron on Fruit Production, S. C. Exp. Sta. 

54th Annual Rept.: 161-166 (1941). 
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high contents of Mn. The latter soils may contain sufficient solu¬ 
ble Mn to be toxic to some crops when the soil acidity is high. 

Cotton, corn, peanuts, small grains, soybeans, and tobacco 
have been observed with Mn deficiency s 3 nnptoms in some field 
soils of the Southeast. Recent reports by Shear and Batten" of 
the Virginia Station have pointed out the need for Mn applica¬ 
tions on corn and peanuts where lime has raised the soil re¬ 
action above pH 6.0. Increases of peanuts of as much as 400*^0 
have been obtained by proper application of manganese sulfate 
of about 20 lbs. per acre. Truck crops such as beets, cabbage, 
cucumbers, peppers, spinach, and tomatoes have shown Mn de¬ 
ficiencies in the eastern truck belt from southern Florida to 
Maryland. 

Molybdenum:—^Although Mo has recently been recognized 
as an essential element for plant growth and some field trials 
of added Mo have given yield increases of alfalfa and certain 
clovers, no results have been reported in the Southeast. 

Zinc:—This is another essential plant food element that may 
be deficient in some soils especially where liming has been ex¬ 
cessive on soils of low Zn content. Corn has been the field crop 
in the Southeast that most commonly responds favorably to Zn 
application. Corn on light textured soils, heavily fertilized and 
with a high plant population quite frequently shows “white bud” 
or Zn deficiency in the early stages unless Zn has been supplied 
with the regular fertilizers or as a direct application. As a result 
of field tests with corn in recent years, Zn is quite commonly 
added as a regular part of commercial fertilizers. 

Tree crops such as pecans,' tung nuts and citrus have shown 
Zn deficiencies which are commonly referred to as “rosetting,” 
“bronzing,” or “frenching,” respectively. Corrective additions 
on Zn either in the regular fertilizers or in the spray and dust 
applications have proved practical remedies. 

Application of Trace Elements to Plants:—The practical use 
of trace elements has received considerable attention in recent 
years, particularly is this true as to the most feasible methods of 
applications for correcting nutrient deficiencies. Direct appli¬ 
cation of trace element compounds to soils or crops in desired 
amounts either as single elements or in combinations of trace 
elements was formerly the general procedure. Now, some trace 
elements are applied for crops as a regular part of commercial 
fertilizer. More recently, trace elements have come into practical 
use as dusts or sprays on crops where the latter are regular parts 
of the crop management program. It may be expected in the 

7— Shear, G. M. and Batten, E. T.; Manganese for Peanuts and Corn, 
Minnieographed series, Viiginia Agrl. Exp. Sta. (19501. 

8— Alben, A. C., Hammar, H. E., and Sitton, B. (3.; Some Nutrient De¬ 
ficiency Ssonptoms of the Pecan, Amer. Soc. Hort. Sci. Proc. 41:53-60 
(1942). 
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future that more vegetable and fruit crops will receive their 
needed requirements of trace elements as a part of the pesticide 
application, thus avoiding some of the complications involved in 
soil reactions. 

Problems Needing Study in Trace Element Research:—^Fu¬ 
ture investigations on plant requirements of trace elements 
should include the following; 

1. Interactions of one or more trace elements on the other. 

2. Further studies on diagnostic techniques of trace elements. 

3. Residual effects of trace elements applied to soils. 

4. Efficient forms or sources of trace elements. 

5. Optimum rates of applications of trace elements for the 
most efficient production of quality crops. 

6. Improvement and calibration of soil and tissue methods 
of chemical analysis for trace elements. 

7. Continued study of most efficient method of application 
of trace elements. 

A series of 5 figures is appended to show some of the results 
that have been obtained thru the use of trace elements in the 
Southeast as referred to in the brief discussion above. 



Piguie 1—Eais ol s'weet coin haivested fiom field plots 
m a boion e-^peiiment. The column of eais at the light in 
each categoiy of tieatment shows the lelative yield of 
piime eais Medium oi impeifect eais aie shown in the 
centei and the nubs and immatuie ears aie at the left. 
Fertility tieatments uniform with the exception of boion. 
Photo courtesy Edisto Bianch, S Car. Agi. Expt. Station. 
Tieatment Right—^no boron. 

Tieatment Centei—6 pounds borax pei acie 
Tieatment Left—10 pounds boiax pei acie. 






Figuie 3—Eifect of boion on the growth of cabbage in a limed soil undei 
gieenhouse conditions LEFT—No boion RIGHT—Boion tieated 
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Figure 4.—Boron deficiency in cauliflower growing in 
Baldwin County, Alabama, as shown by hollowness and 
“browning’^ in stem on left in comparison with sound, firm 
condition in that on the right Photo courtesy of Alabama 
Agricultural Experiment Station. 



Figure 5.—Response of alfalfa to treatment of a high 
lime soil with boron. LEFT—^20 pounds of borax per acre. 
RIGHT—^no tieatment. Photo coui-tesy Alabama Experi¬ 
ment Station. 


EXCESS MOLYBDENUM IN FORAGE IN CERTAIN 
LOCALITIES IN CALIFORNIA* 


Harold Goss** 

For many years, a cattle disease characterized by intense 
diarrhea, emaciation and change in coat color has been reported 
at intervals by ranchers on the southwestern edge of the San 
Joaquin Valley in central California. Much of this area is de¬ 
voted to oil, livestock, alfalfa and cotton production. In recent 
years, cotton acreage has decreased and has been replaced by 
irrigated pastures. A number of different dairies are reported 
by the Farm Advisor’s Office to have started between 1930 and 
1940 in the affected area and failed because of this disease. 
Following Muir’s (1) discovery in 1941 that the cause of scour¬ 
ing among cattle in the so-called “teart” pastures of Somerset, 
England, was due to an excess of molybdenum in the soil and 
forage, an investigation of the affected area in California by 
Britton and Goss (2) showed that plants in the pastures where 
excessive scouring occurred contained from 6 to 36 ppm. of molyb¬ 
denum, ■while similar plants from normal pastures on the Davis 
Campus of the College of Agriculture contained only 0.5 to 
1.5 ppm. molybdenum. Ferguson, et al. (3), and Muir (1) re¬ 
ported that teart pastures contained more than 14 ppm. while 
non-toxic pastures never contained more than 6 ppm. 

Since our first report (2), a survey has been undertaken by 
W. P. Kelley and I. Barshad of the Division of Soils, of the occur¬ 
rence of toxic quantities of molybdenum in pastures of that part 
of the state. The results of this survey, reported in part by 
Barshad (4) show the area affected to be much larger than sus- 
spected. Molybdenum contents as high as 193 ppm. were reported 
in some legumes from a newly planted irrigated pasture. A large 
number of suspected plant samples have been analyzed in the 
author’s laboratory and we now have evidence "which shows toxic 
levels of molybdenum in limited areas as far south as Death 
Valley Junction, one area to the west in Santa Barbara County, 
and as far north as Madera County. Samples of range grasses 
taken from various areas in the foothills of the Sierra Nevada 
have shown 3 to 6 ppm. which is not considered toxic. The 
highest concentration yet recorded, over 550 ppm., was found on 
the east side of the range in a section of Nevada. 

Control of the molybdenum poisoning is being achieved by 
feeding copper sulfate to the cattle, either in salt or in the drink¬ 
ing water, in an amount which would bring the total copper con- 


*—^Presented by T. C. Erwin, Spectroanalyst, Everglades Experiment Sta¬ 
tion, Belle Glade, Florida. 

' —^Animal Husbandman, Div. of Animal Husbandry, University of Cali¬ 
fornia Agr. Expt. Station, Davis, Cal. 
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sumed by the animal equivalent to 50 ppm. of the dry matter of 
the forage. 

Although we had received no reports that sheep were affected 
in the same way as cattle, we have demonstrated that high moly- 
denum is toxic to sheep. We fed black sheep on a ration of barley 
and alfalfa hay to which was added sodium molybdate so that 
the total molybdenum concentration was 200 ppm. on the dry 
basis. Within 10 days to two weeks on this diet, the new wool 
over the whole of their bodies was observed to be coming in 
without the black pigment. After 15 weeks on this high level 
of molybdenum, there was a layer of grey wool 1 to 2 cm. thick 
on each of the black sheep. In a control experiment where the 
ration contained 200 ppm. molybdenum plus an addition of 
copper sulfate equal to 100 ppm. copper on the dry basis, there 
was normal pigmentation of the wool throughout the experimen¬ 
tal period. 

When 100 ppm. copper as copper sulfate was added to the 
experimental high molybdenum ration, the normal black pigmen¬ 
tation returned to the new wool fibers. These effects are il¬ 
lustrated in the photograph. Not only is the normal pigment 
absent in these “grey” wool fibers, but the physical properties are 
notably altered. J. F. Wilson is making a study of the affected 
wool fibers. No scouring of the sheep was noted in any of these 
trials on dry roughage. 

In experiments with black horses and pigs, black chickens and 
turkeys and black rats, no change in coat color of the animals, or 
feather color of the birds was noted on high molybdenum rations. 



Figure 1.—Cross section taken from the fleece of a black sheep to show the 
effect of molybdenum feeding. LEFT—Layer of grey wool 1-2 centimeters 
thick which appeared as the new growth during a period of 16 weeks when 
the animal _was fed on a ration of barley and alfalfa to which had been 
added sufficient sodium molybdate to give a total molybdenum concentration 
of 200 ppm. on the dry basis. RIGHT—^Normal black wool profile also 
showing how the black pigmentation returned to the wool fibers upon adding 
100 ppm. of copper as copper sulfate to the diet containing the high molyb¬ 
denum. 
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The disorder produced by excess molybdenum seems to be spe¬ 
cific for ruminants. 


Summary 

The occurrence of excess concentrations of molybdenum in 
the soils of certain areas in California and Nevada has produced 
forage vsrhich is toxic to cattle. The toxicity is marked by ex¬ 
cessive scouring and loss of coat color. In experimental feeding 
of black sheep on dry rations of high molybdenum concentrations, 
the nevr wool grows in without black pigment. No scouring was 
noted. Copper sulfate protects and restores the normal black 
pigment to the new wool and prevents the scouring and loss of 
coat color in cattle. 
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SOME TRACE ELEMENTS AND ANIMAL RELATIONSHIPS 
IN THE EASTERN AND SOUTHERN STATES 
OF THE U. S. A. 

George K. Davis 

In this brief discussion of observations which have been made 
on trace elements and animal nutrition in the Eastern and Sou¬ 
thern states, let me first list the states included. 

Roughly the region is bounded by the Ohio and Mississippi 
Rivers to the West and the Atlantic Ocean on the East and ex¬ 
tending North from the Gulf to the St. Lawrence. Including Ohio 
and Louisiana, there are 22 states in this area. As of this time ex¬ 
perimental investigations of trace element deficiencies in domes¬ 
tic animals have been carried on in less than 10 of these states. 
Intensive studies have been made in New York, North Carolina, 
New Hampshire, and Ohio. On the other hand, practical farm 
observations have been reported from practically all of them. 

Cobalt'. Probably the observations on cobalt deficiency have 
been most widespread in this area. Cobalt deficiency, or response 
to cobalt supplements with animals under natural conditions in 
farm practice, has been observed in New Hampshire, Vermont, 
New York, North Carolina, Ohio, South Carolina, Virginia, 
Geor^a, and possibly Maine. Conditions which could be associa¬ 
ted with cobalt deficiency have been noted in other states, notably 
Louisiana, Mississippi, Maine and Kentucky, but even the du¬ 
bious confirmation of response to cobalt in a mineral mixture has 
not been reported. 

The close resemblance of cobalt deficiency symptoms and 
starvation for lack of total digestible nutrients makes identifi¬ 
cation difficult. Further, Beeson and associates at Ithaca, New 
York, have observed that alfalfa has always been found to con¬ 
tain an adequate nutritional level of cobalt. Thus, if alfalfa were 
given to poor cattle suffering from either cobalt deficiency or 
lack of total digestible nutrients, favorable response should re¬ 
sult. 

Two factors have led to the widespread use of cobalt supple¬ 
ments in mineral mixtures and feeds in the recognized deficiency 
areas and in many suspected areas of the East and South. 

First has been the development of symptoms, including loss 
of appetite, weight loss, drop in milk production, anemia, failure 
to shed the old hair in the Spring, and indifferent reproductive 
performance, even when the total digestible nutrients were avail¬ 
able in quantity if not quality. 

Second has been the rapid improvement of such animals when 

“—^Animal Nutritionist, Florida Agricultural Experiment Station, Gaines¬ 
ville, Fla. 
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fed cobalt supplements. This response has been observed where 
chemical analyses have failed to detect differences in the cobalt 
content of feed or animals. The low level of cobalt requirement 
in ruminants, 0.1 part per million in the feed, has made detection 
of deficiency situations quite difficult. 

Cobalt deficiency has been well studied in North Carolina 
in cooperative work between the Regional Laboratory in Ithaca, 
New York, and the North Carolina Experiment Station at 
Raleigh, particularly in the coastal areas. Detailed studies have 
been carried out on plants, animals and soils. Cobalt is deficient 
here and response is obtained in cattle on those areas. In fact, 
cattle can be kept on those areas now which previously could not 
be expected to survive due to the low cobalt intake. The soil 
tj’pes in the coastal plain of South Carolina and Georgia closely 
resemble the deficient soils in Florida, and in these areas cobalt 
has given a response, although little experimental work has been 
carried out. It has been the experience of farmers and research 
men in commercial enterprises that the addition of cobalt gives 
a favorable response over large areas of these states. 

Copper’. Copper, which is also needed by cattle in many of 
these same areas, has given definite response to beef cattle and 
dairy cattle in the eastern part of Virginia. Presumably this de¬ 
ficiency has resulted from repeated cropping and possibly from 
practices which have caused a fixation of the copper. It has been 
reported as a deficiency in Kentucky, Louisiana and Mississippi. 

In Kentucky areas, the copper deficiency is not complicated 
by the presence of molybdenum, but chemical analysis has shown 
forage copper levels as low or lower than one part per million. 
Similar observations have been made in Louisiana. The animals 
exhibit imperfect performance, breeding troubles and anemia, 
with response to the addition of copper as copper salts either 
as mineral supplements or through the addition of copper as 
fertilizer. This has been particularly true in Kentucky where 
young horses and cattle on these areas have shown some of the 
changes noted in cattle in the Everglades area of Florida. Re¬ 
sponse has been rapid, when a supplement of copper has been 
introduced. Critical evaluation has yet to be made, but the im¬ 
provement in foal development has convinced thoroughbred 
owTiers that copper is necessary as a trace element. Deficiencies 
have not developed that are associated with interfering elements 
such as molybdenum, w'hich in some areas causes deficiency symp¬ 
toms to develop. In some of the alluvial soils of Louisiana and 
Mississippi, there have been observed changes suggestive of 
copper deficiency. Graying of the haircoat has been noticed in 
Louisiana and this has been attributed to a lack of copper or to 
abnormal copper relationships ■with other minor elements. 

Molybdenum : Molybdenum toxicity problems have not been 
observed in the states indicated except in some parts of New 
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Jersey. In some alfalfa, abnormally high levels of molybdenum 
have been observed and associated with animal changes. In these 
areas, copper was at a low level, and symptoms similar to changes 
observed in the copper deficient soils of Florida were noted. That 
these conditions are not extensive may refiect the fact that the 
grazing season is short and, therefore, the animals have not de¬ 
veloped the abnormal conditions before they are given supple¬ 
ments which correct largely some of the unbalanced mineral 
intakes. 

Iron’. Iron should be mentioned as a trace element that is 
involved in the nutrition of livestock. 

In some parts of South Carolina, there are out-croppings in 
the coastal plain of iron-bearing rock and these have been known 
for many years as wild animal licks. Domestic cattle grazed in 
these same areas "will use these out-croppings as licks, consuming 
the rock in appreciable amounts. The sodium chloride level is 
very low in these rocks. Iron is the principal trace element pres¬ 
ent, with a very small amount of copper. 

It has been suggested that this is a sign of nutritional de¬ 
ficiency. The wild animals have been observed to use these only 
in the late summer or fall and the suggestion has been made that 
due to blood loss from insect attack during the summer, the de¬ 
mand for these minor elements is such as to lead them to make 
use of these out-croppings. This is an interesting speculation and 
perhaps some day a logical explanation will be obtained. At the 
present time, it can only be mentioned that this observation has 
been made and suggest that perhaps the animals do have a desire 
or a liking for the particular rock that appears in the otherwise 
sandy soils of this area. 

In summary, it may be mentioned that cobalt deficiency has 
been observed in many of the states of the East and South of 
the U.S.A. and cobalt supplements in feed are common. Copper 
deficiency has been obseiwed in at least five of the Southern 
states, including Florida. The deficiency has been less severe 
than has been observed in some parts of Florida, perhaps attribu¬ 
table to the lack of complicating factors such as the presence 
of molybdenum. Molybdenum has been found in some areas at 
levels higher than nutritionally desirable, but may be associated 
with continued fertilizer applications that have resulted in build¬ 
ing up the molybdenum content of these soils to a point where 
legumes may contain amounts sufficient to interfere with animal 
nutrition if the copper intake is low. 



WORK ON TRACE ELEMENTS IN ENGLAND, SCOTLAND 

AND IRELAND* 

Katherine Warington"* 

The earliest experiments on trace elements in Great Britain 
arose out of a bequest made in 1896 by Mr. E. H. Hills to the 
Royal Agricultural Society of England, for the purpose of de¬ 
termining the value of what he termed “the rarer forms of ash.” 
Under this heading he included constituents such as fluorine, 
manganese, iodine, bromine, titanium and lithium. As a result, 
a series of pot culture experiments in soil was carried out by Voe- 
Icker at the Woburn Experimental Station, from 1897-1920, to 
test the possible benefit of these and other elements on wheat 
and barley (41). In some instances, provided only small quan¬ 
tities of the substance were used, a stimulating effect on the 
plant was obtained, but large doses invariably proved harmful. 
In 1910, at much the same time as French workers were obtain¬ 
ing beneficial results from the use of boron, manganese, and zinc 
compounds, (1, 2, 4, 5, 27) Brenchley began a series of investi¬ 
gations at Rothamsted on the action of arsenic, boron, copper, 
manganese and zinc on plants grown in nutrient solutions (8, 9). 
Though no evidence was forthcoming from her preliminary ex¬ 
periments that any of these elements were essential for growth, 
nevertheless a much better understanding of their mode of action 
was thereby obtained and interest in the possibilities of their 
practical application aroused. After a break of about ten years, 
work was resumed on the question, special attention being paid 
to the action of boron, and in 1923 Warington (46) obtained con¬ 
clusive evidence that this element was essential for the normal 
development of at least certain of the higher plants. A series of 
investigations followed, each dealing with different aspects of 
the subject, with a view to determining the part played by boron 
in plant metabolism. This hope, however, was not realized, and 
in fact the question remains largely unsolved even today. At the 
same time, a good deal of light was thrown on the effects of a 
deficiency of the element on the plant. Perhaps the most im¬ 
portant result was the discovery by Brenchley and Thornton 
(11) that boron was required for the proper development and 
functioning of the nodule in leguminous plants. In the absence 
of boron, the vascular supply to the nodule was found to be de¬ 
fective, while the bacteriod tissue, and in consequence the quan¬ 
tity of nitrogen fixed, was markedly reduced. From anatomical 
studies by Warington (47) and later by Rowe (38), it was clear 
that meristems were particularly dependent on a continual sup¬ 
ply of boron, hypertrophy and break down of these tissues oc- 

■—^Presented by Dr. Roy A. Bain, Agronomist, Everglades Experiment 
Station, Belle Glade. 

—Plant Physiologist, Botany Department, Rothamsted Experimental Sta¬ 
tion, Harpenden, Herts., England. 
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curring in its absence. In the event of a renewal of the supply of 
boron, however, new and healthy meristems could develop (50), 
and Brenchley and Watson (14) obtained normal flowering in 
sugar beet plants which had suffered from severe heart rot in 
their flrst j’^ear of growth, following an application of boron in 
the second year, a finding of some practical importance to the 
seeds merchant. Among other results of these investigations, 
mention may be made of the indications of an association between 
boron and calcium nutrition obtained by Brenchley and Waring- 
ton, (12, 48) which has since been confirmed and developed by 
various workers in other countries. 

Boron deficiency diseases in the field, though frequently re¬ 
corded in Great Britain for crops such as turnip, sw’ede and 
sugar beet, have never attained a position of large-scale eco¬ 
nomic impoi'tance as they have in other parts of the world. Con- 
sequentlj’’ the work on the practical side has not been very ex¬ 
tensive. 

Manganese deficiency, however, is of considerable importance 
in certain parts of England and much of the work with this 
element has been concerned with the practical aspects of the 
problem. In 1940, Wallace, of the Long Ashton Research Station, 
carried out a survey of soil tj’pes in England on which manganese 
deficiency had been reported for horticultural or agricultural 
crops (42). The trouble was found to be chiefly associated with 
the peaty soils of the Fen district, Romney Marsh in Kent and 
mth areas in the West Midlands and Somerset, though it was 
liable to appear on newly ploughed up grassland and on reclaimed 
heaths. As has been found in other countries, the soils concerned 
were not necessarily low in total manganese, but invariably had 
a high organic matter content and a pH of 6.5 or more. Ques¬ 
tions of availability were clearly involved, and from the work of 
Heintze and Mann at Rothamsted (22), it seems that under these 
conditions the manganese may become locked up in a non-avail- 
able form as complexes with the organic matter in the soil. Other 
investigations by Dion in conjunction with these workers, have 
been concerned with the fractionation of various forms of man¬ 
ganese and manganese higher oxides In different tj’pes of soil 
(15). Crops vary widely in their demand for manganese. In 
cereals it is particularly high, though even in this group con¬ 
siderable varietal differences are exhibited, as Gallagher and 
Walsh (17) working in Ireland have found. Leguminous crops 
such as clover, on the other hand, generally have a low manganese 
requirement, but peas are very sensitive to any shortage, Heintze 
(20) in 1938 showing that marsh spot disease was due to a lack 
of manganese in the soil. The important part played by nitrogen 
in determining the incidence of marsh spot -was evident from 
her later -work (21), where she induced sjTnptoms of the disease 
in peas growm on soils rich in available manganese, by injecting 
simple inorganic and organic nitrogen compounds into the plant. 
Healthy peas were found by Glasscock and Wain (18) at Wv^ 
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College to contain more manganese than those affected with 
marsh spot, but according to later work by Walsh and Cullinan 
(45), both healthy and diseased seeds in the same pod may have 
a very similar manganese content. With regard to remedial 
measures, spraying the plant with a solution containing manga¬ 
nese has been recommended both by Lewis (SO) and Wallace and 
Ogilvie (44) in preference to soil applications. Correct timing 
of the treatment is important, and peas should not be sprayed 
before the flowering stage, if marsh spot is to be avoided. 

Damage from excess manganese is uncommon in Great Bri¬ 
tain, but the question has not been overlooked and both Wallace, 
Hewitt and Nicholas at Long Ashton (43), and Hale and Heintze 
(19) at Rothamsted have produced evidence of manganese tox¬ 
icity in crops grown on acid soils. 

Work on the function of manganese has been taken up com¬ 
paratively recently in England. In 1948, Hewitt (24) made a 
study of the relationship between manganese and iron nutrition, 
showing that symptoms of iron deficiency induced by excess 
manganese or other heavy metals were not identical with those 
caused by a simple lack of iron. From this he concluded that the 
two elements have at least some independent functions in the 
plant metabolism. In conjunction with Jones and Williams (26), 
he was able to confirm the accumulation of nitrate in manganese 
and molybdenum deficient plants, and from a study of the amino- 
acid concentration in each case, to suggest that though the two 
elements are both required in the process of nitrate reduction, 
they probably function in different parts of the chain of re¬ 
actions. 

Some of the latest work with manganese has been on the 
biochemical side. Peroxidase preparations from horse-radish 
and turnip have been shown by Kenten and Mann (28, 29) at 
Rothamsted to oxidize manganous salts in the presence of cer¬ 
tain phenolic substances and hydrogen peroxide. From their 
results, they put forward the hypothesis that the manganese 
reduced the oxidized peroxidase substrate, thereby becoming in¬ 
volved in an oxidation-reduction cycle, a theory which would be 
in keeping with the view that manganese plays a part in the 
processes of respiration. 

Investigations on the effect of molybdenum on higher plants 
have been comparatively recent in Great Britain as elsewhere, 
though in 1934 Sheffield (39) had demonstrated cytological ab¬ 
normalities in solanaceous plants treated mth molybdates, while 
Warington (49) found that tannin-molybdenum compounds ac¬ 
counted for the yellow colouration in tubers of potatoes grown 
with excess* molybdenum. Indications that the element was es¬ 
sential for lettuce were obtained in 1942-46 (13, 51) during the 
course of investigations at Rothamsted regarding the trace ele¬ 
ment constituente of Chilean nitrate, shortly after workers in 
other countries had proved that molybdenum was needed by 
tomato and oats (3, 34). More recently, Hewitt and Jones (25) 
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have made a special study of molybdenum deficiency effects on 
tomato and brassica crops, confirming the association of “whip- 
tail” disease of cauliflower with a lack of this element (Figures 
1 & 2 ). 

Results regarding the harmful action of excess molybdenum 
on plants have proved somewhat conflicting, and in a series of 



Figure 1.—Whiptail in Cauliflower grown in sand cul¬ 
ture without molybdenum. E. J. jSewitt and E. W. 
Jones, Long Ashton Research Station. 
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pot cultures in 1948, Brenchley (10) was able to show that the 
degree of toxicity depended both on the type of soil and the 
species of plant grown. For example, the harmful action of a 
specific dose of sodium molybdate was greater on a sandy soil 
compared with a black fen or clay soil (figures 3 & 4), but on 
the same soil, tomato might be uninjured by a dressing which 



Piguie 3 .—SoIajNtm ^wdiftoimn in sandy soil. L-R. No Mo, 
Low Mo, High Mo. W. E. Bienchley. Rothamsted Expeii- 
mental Station. 



Figuie 4.—Solanum nodifloium in clay soil. L-R, No Mo, 
Low Mo, High Mo. W. E. Brenchley. Rothamsted Expeii- 
mental Station. 
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was very poisonous to flax and fatal to Solanum nodifloriim. 
The fact that different plants may vary in molybdenum content 
when grown on the same soil has a practical bearing on the 
occurrence of “teart” in cattle, a disease due to molybdenum 
poisoning. Ferguson, Lewis, and Watson (16) at Jealott’s Hill 
Research Station found, for example, that the risk was greatest 
when the proportion of clovers in the pasture was high, since 
legumes absorbed molybdenum more readily than grasses, and 
further, that the molybdenum content of herbage varied con¬ 
siderably with its stage of grow'th. 

Instances of deficiencies of other trace elements have so 
far been isolated only, though benefit from zinc treatment has 
been reported for cherries by Thompson and Roberts (40) in 
1945, and for cereals and potatoes by Roach and Barclay (37) 
in the following year. More recently Bould and others (6) de¬ 
scribed a failure of fruit trees due to a lack of zinc and have 
since found apples suffering from copper deficiency in the same 
district (7). A favourable effect from copper sprays has also 
been reported by Muskett (33) from Ireland. Such deficiency 
troubles, however, seem unlikely to become a large scale problem 
in Great Britain, though they will probably continue to arise 
in certain localized areas. 

The correct diagnosis of symptoms of mineral deficiency or 
toxicity in a plant is naturally an essential before remedial mea¬ 
sures can be applied. A valuable contribution to a better under¬ 
standing of this aspect of the subject in the case of trace elements 
has been made at Long Ashton by Hewitt (23), who has de¬ 
veloped a pot culture technique, using containers coated with 
bituminous paint and specially purified water, salts and sand. 
Under these controlled conditions, deficiency symptoms, of which 
the cause is knowm, can be produced in plants for comparison 
with field grown crops. Another method of approach has been 
adopted at East Mailing Research Station. Here leaf analyses 
and response to leaf injection have been used by Roach (35) 
and others to diagnose any deficiency in the mineral status of 
the plant, and improved yields, based on the findings, obtained 
even when the crop failed to exhibit any visual symptoms of 
the trouble. The whole subject of injection has been studied in 
great detail by these workers, during the past ten years or so, one 
outcome of which has been the development of a technique 
suitable as a curative measure for fruit trees. Some of the most 
recent experiments by Roach (36) in 1947, however, emphasize 
the need for testing treatments based on any method of diagnosis 
•with the subsequent performance of the crop, as in some cases 
the expected correlation w'as lacking. 

All trace element studies call for specially refined analytical 
methods, both for purpose of rapid survey and exact quantitative 
measurement. Mitchell (31, 32), at the Macaulay Institute in 
Scotland, has w’orked out spectrographic techniques suitable for 
the geochemical study of rocks and the determination of trace 
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constituents in soil extracts and plant material, and it is now 
possible to estimate up to fifteen of these elements simultaneously. 

The course of the investigations on the trace elements essen¬ 
tial to higher plants seems to have followed a logical sequence, 
the first phases of which have been brought to a successful con¬ 
clusion. Proof of the necessity of the elements has been obtained, 
the effect of their deficiency on various crops studied in some 
detail, and appropriate remedial measures developed. The most 
difficult stage has now been reached, namely that of determining 
the function or functions of the elements in plant metabolism. 
Mention has already been made of the probable part played by 
both manganese and molybdenum in nitrate reduction and the 
association of boron with calcium nutrition. It seems likely, how¬ 
ever, that with the possible exception of boron, most of the es¬ 
sential trace elements will prove to be mainly concerned with 
enzjTnatic processes. Copper containing enzymes are already 
known, while zinc is thought to play a part in the activity of 
plant carbonic anhydrase. Future work may well show that 
manganese functions in some analagous manner. Many questions 
regarding availability of the elements to the plant remain un¬ 
answered, and in this field the help of the soil chemist will be 
needed. Fresh inter-relationships between the various elements 
are constantly being discovered, though their nature is not yet 
understood. The presence of cobalt in the soil, for example, ap¬ 
parently increases the uptake of molybdenum by the crop, while 
the addition of copper may produce symptoms of manganese de¬ 
ficiency in the plant. In addition, little is known of the part 
played by micro-organisms and developments in this field may 
be expected. The importance of the trace elements in plant life 
is now firmly established, but the co-operation of workers in 
many branches of research will be needed before their function 
is fully understood. 
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INVESTIGATIONS ON TRACE ELEMENTS IN THE 
NETHERLANDS* 


E. G. Mulder** 


Introduction. 

The beneficial effect of trace elements on plant growth in the 
Netherlands was shown for the first time by Sjollema and Hudig 
in experiments on a disease of oats on neutral and slightly alka¬ 
line peaty soils (14). Although in those days Hudig was of the 
opinion that this effect of manganese had to be attributed to the 
correction of some unfavourable condition of the organic mat¬ 
ter, it was shown by further investigations that the oats disease 
was caused by lack of available manganese. Sdhngen (16) and 
particularly Gerretsen (6) demonstrated the effect of micro¬ 
organisms in rendering soluble manganese compounds in soil 
unavailable for the plants. 

In 1924 it was found by Hudig and Meyer (7) that the so- 
called reclamation disease which was found on newly reclaimed 
peaty and sandy soils in the Netherlands may be cured by adding 
copper sulphate to the soil. In the same way as with manganese, 
the beneficial influence of the heavy metal was attributed to 
some mysterious effect on the soil organic matter. Other investi¬ 
gators were of the opinion that the disease was caused by micro¬ 
organisms (2). Copper should have a disinfecting effect. After 
the discovery of the indispensability of copper for plant growth 
(Sommer (15), Brandenburg (3) ), it was shown by the author 
(10) that the reclamation disease is caused by copper deficiency 
of the plants. 

In 1933 Sjollema published a report on copper deficiency in 
cattle (licking disease) which was found in areas where the 
plants suffered from the reclamation disease (13). 

In addition to manganese and copper a beneficial effect of 
iron, zinc, boron and molybdenum on plant growth has been found 
in the Netherlands.*** More details concerning these elements 
will be given below. 

Occurrence of trace element deficiencies in the Netherlands. 

Iron deficiency is found only sporadically in agricultural crops 
in the Netherlands. In horticulture this element is of more im¬ 
portance. 

Manganese deficiency may be found on sandy and peaty soils 

‘—Presented by Dr. Geo. A. Thornton, Asso. Microbiologist, College of 
Agriculture, Univ. of Florida, Gainesville. 

*■ —^Prof. of Soil Microbiology, Agricultural EMeriment Station and Insti¬ 
tute for soil Research T.N.O., Groningen, Holland. 

■ —^Magnesium is not listed to the trace elements by the author. Therefore 
the investigations carried out on this element will not be recorded in 
this lecture. 
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where the reaction is approximately neutral. After the extensive 
investigations carried out by Dutch workers in the past, this fact 
is well-known by the farmers and therefore the reaction on this 
type of soil is maintained mostly between pH 5.0 and 5.6. At 
these values no manganese deficiency of the plants will be found. 

On some clay soils containing a certain amount of organic 
matter and with a high content of calcium carbonate, where 
manganese deficiency also may be found, this adjustment of pH 
is not feasible. This is particularly the case on the light clay 
and sandy soils in the young polders of the Zuiderzee, which 
may contain more than 10 percent of calcium carbonate. Here 
applications of manganese salts have to be carried out every year. 
In some cases spraydng of the crops with a 1.0-1.5 percent so¬ 
lution of manganese sulphate appeared to be more successful 
than application of the salt on the soil. 

According to Gerretsen of this Experiment Station the in¬ 
solubilization of manganese in neutral soils containing a certain 
amount of organic matter has to be attributed to the activity of 
microorganisms (6). 

In liming experiments on a lowmoor peat containing a high 
amount of clay, carried out by the author, no manganese de¬ 
ficiency was observed within a period of 10 years after liming 
of the soil. It is unknown whether this result was due to the ab¬ 
sence of manganese-oxidizing microorganisms or to the particular 
condition of the soil organic matter. 

Zinc deficiency is found on apple, pear and cherry trees grow¬ 
ing on soil very rich in phosphate (9).* 

Copper deficiency (reclamation disease) may be found on 
sandy and peat soils, particularly shortly after reclamation of 
these soils. It is well-known by the farmers that under these 
circumstances they have to apply 50-100 kg of copper sulphate 
per ha. Therefore heavy s 3 n:nptoms of copper deficiency are 
found only sporadically in agricultural crops. A slight increase 
in yield after a copper dressing may be obtained rather fre¬ 
quently. More recently copper deficiency has been observed in 
orchards by Dr. D. Mulder, Laboratorium van Zeelands Proef- 
tuin. Goes. 

As to the occurrence of copper deficiency in animals the 
situation is more complicated. On soils poor in available copper, 
cattle may show symptoms of copper deficiency (licking disease). 
In some cases, however, a beneficial effect of feeding small 
amounts of copper to cattle has been observed notwithstanding 
the herbage which was fed had a normal copper content. This 
result is obtained particularly in the reclaimed North West polder 
of the Zuiderzee. Apparently uptake of copper from the food 
may be affected by some unknown factor. Although it is some¬ 
times supposed that excess of molybdenum in the herbage may 

■*—Dr Gerretsen at this Station has worked out a micro-biological method 

to estimate available zinc in soil. 
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be the cause of the high copper requirement, more evidence is 
needed to confirm this hypothesis. 

Boron deficiency may be found rather sporadically on sandy 
soils in the South of the country and on river-clay soils. Besides 
beets and turnips, leguminous crops may respond sometimes to 
small amounts of this element. In experiments with peas the 
author has shown that on boron deficient soils nitrogen fixation 
may be badly affected as a result of which the plants become 
deficient in nitrogen and die at an early date (11). 

Recent investigations on trace elements carried out in the Ne¬ 
therlands. 

During the last 15 years much work has been done by the 
author on the effect of copper and molybdenum on plant grov’th 
and on some physiological phenomena in both higher plants 
and microorganisms. These investigations started in 1935 when 
an extensive study was undertaken to elucidate the role of cop¬ 
per in preventing the socalled reclamation disease in plants. This 
disease which may occur on sandy and peaty soils particularly 
when they are newly reclaimed, occurs in many areas of Western 
Europe as well as in the U.S.A. and Australia. 

To prove that the reclamation disease has to be attributed to 
a lack of plant-available copper the following three sets of ex¬ 
periments were undertaken. 

a) A compaiison was made of the symptoms of copper deficiency 
in culture solutions with those of the reclamation disease. 

These symptoms appeared to be quite similar. This was not 
only true of the pronounced cases in which dead white tips 
occur at the youngest leaves of cereals and no ears emerge, but 
also of the light cases in which the ears emerge normally but 
the grain production is reduced. Plant species less susceptible 
to the reclamation disease (potatoes, rye) required less copper 
than highly susceptible plants like wheat, barley and oats. In 
addition the former have a greater absorption capacity for less 
available soil copper than the latter. This was concluded from 
the fact that the difference in copper requirement between both 
groups of plants growing in soil is much greater than when 
growing in nutrient solutions. 

A crop very susceptible to copper deficiency is canary grass 
(Pkalaris canariensis) which was successfully used by the author 
in pot tests as an indicator plant for copper deficiency. 

When a comparison is made of the amounts of copper re¬ 
quired for normal plant growih in nutrient solution and in 
peaty or sandy soil, it will be found that in the former case an 
amount of 50 r* of copper per 2 1 of nutrient solution, added 
only once, is enough to secure normal plant growth. When ap- 


—r ^ gayfitna, here and elsewhere below. 
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plied to the soil 5 mg. of copper per 2 kg of soil are required. 
This discrepancy is caused by the fixation of copper by soil or¬ 
ganic matter. This was demonstrated by employing the root 
separation technique. One half of a cylinder was filled with 
“diseased” soil, the other half, separated by a glass plate, with 
quartz sand or with a nutrient solution. Plants were grown with 
part of their roots in the soil and the other part in the sand or 
the nutrient medium. When the copper was added to the nutri¬ 
ent-solution half, amounts similar to those required in the culture 
solution experiments were able to give normal plants. When 
added to the soil half, twenty times greater amounts of copper 
were unable to give normal plants. 

b) Copper determinations were carried out in plants grown on 
normal and “diseased soils.” In the latter case much lower cop¬ 
per values were obtained than in cereals grown on “healthy” 
soils. 

c) Plant available copper was determined in the soil by using a 
microbiological assay. This method is based on the fact that the 
fungus Aspergillus niger requires small amounts of copper for 
the development of normal black spores. In a nutrient solution 
purified from copper this fungus develops a white sterile my¬ 
celium. With 0.2r of copper in 40 cc of nutrient solution yellow 
spores are formed, with 0.4?’ the colour of the spores is yellow¬ 
ish brown, with l.Or grey-brown, with 1.5?’ grey-black, while 
2.57" of available copper and higher amounts give black spores. 
For the estimation of available copper in soil one gram of air- 
dried soil is added to 40 cc of a purified nutrient solution in 1 1 
Erlenmeyer flasks. This medium is inoculated with a suspension 
of Aspergillus spores and after 4 days of incubation at 30" C 
the colour of the mycelia is compared with the colour scale of a 
set of standard cultures to which different amounts of copper 
have been added. 

A great number of “diseased” and normal soils from different 
parts of the Netherlands were tested for available copper accord¬ 
ing to the above method. Part of the results is given in Table 1. 

From these figures it will be seen that soils on which the 
plants show symptoms of the reclamation disease have a very low 
content of available copper. Soils on which the plant growih is 
normal have a considerable higher copper content.’ 

The results of these expenments clearly show that the re¬ 
clamation disease is brought about by a lack of available copper 
in the soil. 

’—The microbiological assay is employed by the Soil Testing Laboratory 
at Groningen to test soil samples for available copper. The method is 
modified by Dr. Gerretsen of this Experiment Station in order to be 
able to estimate amounts of available copper in the range — 16r per 
^am of soiL This is possible by doubling the concentration of nutrients 
in the solution. 
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TABLE 1.— Plant Growth and Available-Copper Content 


Soil 

Plant gi'owth 

Aspergillus-SLVSiiisible 
copper per 1 g of 
air-dried soil, ?• 

Sandy soil 

Normal wheat 

> 

2.5 

Sandy soil 

Normal white oats 

> 

2.5 

Sandy soil 

White oats, severely diseased 


0.1 

Sandy soil 

White oats, moderately diseased 


1.1 

Sandy soil 

White oats, normal 


1.5 

Sandy soil 

White oats, normal 


2.5 

Sandy soil 

White oats, diseased 


0.3 

Peaty soil 

Wheat, severely diseased, rye normal • 

0.2 

Sandy soil 

Noimal wheat 

> 

2.5 

Sandy soil 

Normal canary grass 

> 

2.5 

Peaty soil 

Normal wheat 

> 

2.5 

Peaty soil 

Normal wheat 

> 

2.5 

Sandy soil 

Normal wheat 


2.5 

Sandy soil 

Wheat, slightly diseased 


1.- 

Sandy soil 

White oats, normal 


1.8 

Sandy soil 

White oats, diseased 


0.4 

Sandy soil 

White oats, severely diseased 


0.2 

Peaty soil 

White oats, severely diseased 


0.1 

Peaty soil 

Wheat, slightly diseased 


1.- 

Sandy soil 

White oats, severely diseased 


0.25 

Same field 

Slightly diseased area 


0.80 

Same field 

Normal area 


1.70 

Same field 

Plants cured by copper sulfate 

> 

2.50 

Peaty soil 

Wheat, severely diseased 


0.20 

Same field 

Normal area 


2. -2.5 


—r = gamma 


The low content of available copper is often a result of the 
presence in the soil of black humus. This was shown in experi¬ 
ments with Aspergillus niger and also in percolation experiments. 
In the former copper sulfate was added in different amounts to 
the black humus from a healthy soil very poor in available copper. 
The inixture was incubated for 24 hours at room temperature, 
sterilized at 110- C for 10 minutes and thereafter added to a 
copper-free nutrient solution of Aspergillus niger. The following 
results were obtained. 


Fungus 

available copper 

2 g black heath humus (total copper 2.6r) 0.2r 

2 g black heath humus Br Cu, as sulphate, added 0.6r 
2 g black heath humus + 5r Cu, as sulphate, added 0.8r 
2 g black heath humus -r lOr Cu, as sulphate, added l.Or 
2 g black heath humus 4- 20r Cu, as sulphate, added 2.0?- 

It will be seen that this black humus fixed added copper to a 
considerable degree. 

In a subsequent experiment a sandy soil very poor in plant- 
available copper ■was percolated with a 0.25 percent copper sul¬ 
phate solution for 8-10 hours ■with a speed of 100 cc per hour. 
Then the soil was washed with distilled water until a practically 
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negative reaction on copper by carbamate reagent was obtained. 
Subsequently the soil was percolated with a solution of 1 percent 
calcium nitrate until no more than 2r of copper per 10 ec of 
liquid was washed out. Then the exchanged and still bound cop¬ 
per were determined. The following figures were obtained: 


Soil with severe 
copper deficiency 


Exchanged by Ca(NO.)j 
(per 1 g. of org. 
matter). 


Retained in 
soil (per 1 g. of 
org. matter). 


46.7 mg Cu 24.3 mg Cu 


Normal soil 


37.8 mg Cu 6.1 mg Cu 


These data show that in the copper-deficient soil the total 
amount of copper which can be retained after treatment with 
distilled water is considerably higher than in the normal soil. 
Of this copper 34 percent was not liberated after treatment with 
calcium nitrate. In the normal soil only 11.6 percent was retained 
after treatment with calcium nitrate. 

In a subsequent experiment the same copper-deficient soil 
was compared with a peaty soil on which plants grew normally. 
In this case the total amount of copper which was retained by 
the copper-deficient soil after removal of the excess copper sul¬ 
phate with distilled water was also nearly twice as high as the 
amount retained by the normal soil. Upon treatment with Y 2 
N hydrochloric acid practically all of the copper was liberated 
from both soils. 

Fixation of copper by hydrogen^ulphide producing bacteria. 

In experiments with Aspergillus niger and cereals it was 
found that copper precipitated by hydrogen-sulphide forming 
bacteria was unavailable. Since copper precipitated chemically 
by hydrogen sulphide is readily absorbed by Aspergillus as well 
as by higher plants it must be assumed that the copper com¬ 
pound formed by the microorganisms is either copper sulphide, 
present inside the bacteria cell, so that it is protected from being 
oxidized, or is not copper sulphide. 

In experiments with sterile cultures of barley and oats simi¬ 
lar s3Tnptoms of copper deficiency were obtained as in solutions 
which were not sterilized. 

Interaction of copper and other mdrients. 

Copper-Manganese. Application of copper sulphate to copper- 
deficient soils sometimes may result in the appearance of man¬ 
ganese deficiency in the plants grown on these soils (8). Al¬ 
though the possibility that such soils are deficient in available 
manganese as well as in available copper may not be excluded, 
evidence is available that copper may catalyze the oxidation of 
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available manganese to less soluble compounds. Although it is 
unknown to what extent the insolubilization of manganese in 
soil has to be attributed to microbial activity, it is rather simple 
to demonstrate the oxidation of manganese compounds to man¬ 
ganic oxide by microorganisms (Gerretsen (6), Sohngen (16), 
Beyerinck (1). The author isolated a manganese-oxidizing fun¬ 
gus and studied the effect of copper on its capacity to oxidize 
manganous to manganic compounds. It appeared that traces 
of copper stimulated the formation of black manganic oxides 
to a considerable extent (10). Although it is unknown whether 
in copper-deficient soil a similar stimulation may occur after 
application of a copper salt, it is likely that under certain cir¬ 
cumstances this may be true. 

In an experiment with rye in nutrient solutions a clear effect 
of copper on manganese deficiency of the plants was observed. 
In this experiment copper was added in amounts of 0, 2, 10 and 
50 r per culture. When the plants were about one month old, 
heavy symptoms of manganese deficiency were observed in the 
solutions supplied with 50 r of Cu. Those with 10 r were free 
from manganese deficiency. Some vessels were supplied with 
3 mg of MnSOi; they recovered within a few days (Table 2). It 
is unknown whether in this experiment copper has stimulated 
the oxidation of manganese in the nutrient solution (the nu¬ 
trient medium was not sterile) or that precipitation has taken 
place in the plant tissue. 


TABLE 2. —Effect of Copper Supply on Manganese Deficiency in Rye. 


Copper, ?/pot 

0.2 mg MnS04 

4 H.0 

3 mg MnSO* . 4 H 2 O 

Grain, g | 

Straw, g 

Grain, g 

Straw, g 

0 

0 

1.17 



2 


3.18 



10 




6.43 

50 

0 

1.18 

0.15 

5.03 


In barley, oats and wheat no effect of copper on the manganese 
supply was observed. 

Copper-Zinc, Copper-Iron. 

In culture solution experiments with different amounts of 
copper, zinc and iron no interaction between copper and zinc 
and copper and iron was observed (barley). 

Copper-Cadmium. 

In experiments with Aspergillis niger a clear interaction of 
cadmium and copper was observed. With increased amounts of 
cadmium more copper had to be supplied to induce black spores 
(Table 3). In barley no effect was observed. 
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TABLE 3. —Effect of Cadmium Sulphate on Colour of Aspergillus 
Spores Supplied With Different Amounts op Copper. 


3 Cd SO. . 8 H.0 
r 

No copper 
supplied 

2/ Cu 

6r Cu 

20r Cu 

0 

bright yellow 

black 

black 

black 

25 

bright yellow 

black 

black 

black 

50 

bright yellow 

brown-black 

black 

black 

100 

bright yellow 

brown-black 

black 

black 

200 

no spores 

gray-brown 

brown-black 

black 

500 

no spores 

yellow 

brown-black 

brown-blacl 

1000 

no spores 

yellow 

brown 

brown-blacl 

2000 

no spores 

yellow 

yellow-brown I 
- 1 

brown 

1- 


Copper-Nitrogen. 

In pot experiments with wheat growing in a copper-deficient 
soil supplied with different amounts of copper and nitrogen (as 
ammonium nitrate), an interaction between copper and nitrogen 
was observed. In the absence of supplied nitrogen and copper, 
small but entirely normal plants developed which were able to 
produce normal seeds. Supplied with a small amount of nitro¬ 
gen, heavy symptoms of copper deficiency appeared and no grains 
were produced. As will be seen from Fig. 1, increasing amounts 
of added ammonium nitrate required increasing amounts of cop¬ 
per to obtain normal plants. 

Physiological effect of copper. 

Copper plays a role as the prosthetic group of oxidizing en¬ 
zymes (tyrosinase, laccase, ascorbinase etc.). Apparently due to 
this function the effect of copper on a number of oxydation re¬ 
actions, studied by the author, may be explained. These reac¬ 
tions are: a) blackening of Aspergillus niger spores, b) black¬ 
ening of aging cultures of Azotobacter chroococcum, c) oxidation 
of manganous compounds to manganic oxid by fungi, d) trans¬ 
formation of aethyl alcohol to acetic acid by Acetobacter aceti 
( 10 ). 

More recently the effect of copper on tj'rosinase activity in 
potato tubers was investigated in the author’s laboratory. In 
an extensive study on the blackening of potassium-deficient po¬ 
tato tubers it was found that this phenomenon is due to the oxi¬ 
dation of tyrosine to red and then black oxidation products by 
tyrosinase. This reaction can proceed only when the cells are 
injured, so that tyrosine is subjected to tyrosinase activity. Po¬ 
tassium-deficient tubers are much more liable to injury than 
those with a normal potassium supply. In addition their tyro¬ 
sine content is much higher (12). Both factors are responsible 
for the blackening. 

When potatoes are cultivated on soils poor in available copper 
and poor in available potassium, blackening of bruised tubers 
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Figure 1.—Interaction of copper and nitrogen (Pot experiment with wheat) 
Yield on ordinate is grams grain per pot. 
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Figure 2.—Effect of the supply of copper to potatoes on 
the tsrrosinase activity in the tubers. On the Chart: 

0 no copper supplied 
10 copper sulfate, 10 kg./ha. 

100 copper sulfate, 100 kg./ha. 

occurs only to a small extent. This is due to the low tjTosinase 
activity of potatoes poor in copper (Fig. 2). 

The question may be put whether or not tj'rosinase plays the 
part of a terminal oxidase in the respiration of potato tubers. 
Although some authors are of the opinion that this is true, little 
evidence can be found in literature. 

In the author’s experiments no difference in respiration rate 
of copper-deficient and normal tubers was observed. Infiltration 
of tuber slices with the copper reagent diaethyl-dithio-carbamate 
gave a considerable decrease of carbon dioxide output, however, 
indicating that copper may be of considerable interest in respira¬ 
tion. These investigations are being continued. 

Effect of molybdenum on plant groioth and nitrogen metabolism 
of plants and microorganisms. 

A second trace element which has been studied extensively 
by the author in the last few years is molybdenum. In compari¬ 
son with copper it is required by higher plants and microorga¬ 
nisms in considerably lower amounts. 

Some years ago the effect of molybdenum on growth and 
nitrogen metabolism of a number of higher plants and micro- 
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organisms was studied. From these investigations which are 
published in Plant and Soil 1, 94,1948, the following conclusions 
may be drawm: 

a) Molybdenum is an essential element for the normal de¬ 
velopment of green plants and a number of microorganisms. 

b) In the green plant as well as in the cells of bacteria and 
fungi, molybdenum is required for the assimilation of nitrate 
nitrogen. This was shown in experiments with tomato and barley 
plants and with denitrifying bacteria and the fungus Aspergillvs 
niger. 

c) Molybdenum is essential for the fixation of nitrogen by 
free-living bacteria as well as by symbiotic bacteria (Rhizobium ). 
In experiments with peas many nodules developed on the roots 
in nutrient solution without supplied molybdenum but the nitro¬ 
gen fixation of these nodules was insignificant so that the plants 
became nitrogen-deficient and died at an early stage. 

Experiments with soil. 

In order to investigate whether or not molybdenum deficiency 
might occur in Dutch soils, pot and field experiments were car¬ 
ried with peas on soils where the pea growdih was poor. No ef¬ 
fect of molybdenum application was observed so that it was con¬ 
cluded that molybdenum deficiency did not occur in the Nether¬ 
lands. 

After the war some pot experiments were carried out with 
molybdenum-deficient soil received from Australia by courtesy 
of Professor Prescott, Waite Institute, Adelaide. A clear re¬ 
sponse to molybdenum was found in white clover and subter¬ 
ranean clover but not in pea (Table 4). Since the Australian 
soils used in these experiments were rich in ironstone and rather 
acid, pot experiments were undertaken with an acid lowmoor 
peat soil, rich in ironstone, from the province of Groningen 
(organic matter 60 percent, pH 5.0). 

TABLE 4.— Effect of Molybdenum on Yield and Nitrogen Fixation 
OF Glover, Grown in Australian Soils. 


Soil received Na.MoOi. 2 H.0 White clover Subten'anean clover 
from pH per pot (2 kg Yield, g Nitrogen Yield, g Nitrogen 

soil) mg. Dry-wt. mg. Dry-wt. mg. 


Tasmania 

6.2 


4.2 

110.5 

12.9 


Tasmania 

6.2 

5 

12.2 

382.0 

16.8 

428.5 

S. Australia 

6.4 


4.3 

93.4 

11.1 


S. Australia 

5.4 

0 

6.9 

170.0 

17.3 



In agreement with the results obtained vrith the Australian soils 
a big response to molybdenum was observed in white and red 
clover. Without application of molybdenum many nodules had 
developed in both plant species. These nodules were smaller 
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than those of plants supplied with molybdenum, whereas the 
colour was not pinkish as usual but yellow or brown-gray. Nitro¬ 
gen fixation was quite inadequate, as a result of which the plants 
became pale green and grew much poorer than those supplied 
with traces of molybdenum. With improved molybdenum supply 
the number of nodules decreased but their nitrogen fixing ca¬ 
pacity increased considerably (Table 5). 


TABLE 6.— Effect op Applications of Molybdenum on Nitrogen 
Fixation and Yield op White Clover Grown on an Acid Lowmoor 
Peat Soil Rich in Ironstone. 


NaMoOu 2 H.0 
applied per potl 
} 

Dry weight 
g. per pot 

Nitrogen in 
plants, per 
pot, mg. 

Number of nodules 
per 173 cm* bottom 
of glass cylinder 

Molybdenum in 
plants mg. per kg 
of dry matter 

0 

2.1 

51.6 

456 

< 1 

10 

2.7 

71.7 

368 

1.8 

50 

4.1 

131.0 

254 

2.4 

100 

4.7 

152.0 

161 

3.7 

500 

4.8 

158.7 

87 

4.3 

1000 

4.8 

165.0 

116 

3.3 

2500 

4.7 

150.0 

123 

6.5 

5000 

4.6 

147.9 

116 

13.7 

10000 

4.8 

151.0 

107 

25.4 

20000 

3.8 

127.0 

109 

80.0 

50000 

4.4 

147.0 

70 

183.1 


T—Each pot contained about 500 g of soil. 
—^Averages of duplicate values 


As will be seen from these results, optimal nitrogen fixation 
of white clover was attained already at 100 r NajMoO). 2 HjO 
per pot (about 200 g per ha). With higher rates, nitrogen fixation 
was only slightly changed. The molybdenum content of the 
plant tissue rose considerably, however. Since it is a well-known 
fact that a molybdenum content of the herbage of 20 mg per kg 
of dry matter may cause cattle-poisoning, care should be taken 
that these values will not be reached. 

With red clover similar results were obtained. Peas and 
beans did not respond to molybdenum. 

In a subsequent pot experiment \\ith 33 soils from different 
parts of the Netherlands the response of white clover to molyb¬ 
denum was studied. These soils were mostly rich in iron. On 
about 20 of these soils big responses to molybdenum were ob¬ 
tained. Amongst the latter soils there were two clay soils. 

In another experiment responses to molybdenum in white 
clover were observed on acid sandy soils with pH-values varying 
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from 4.2-4.9. The difficulty here was that independently of molyb¬ 
denum supply, nodulation was much depressed by an acid soil 
reaction. Once nodules had developed, a clear stimulation of 
nitrogen fixation was observed when molybdenum had been sup¬ 
plied to the plants. 

From these results it may be concluded that molybdenum de¬ 
ficiency is of much more general importance in the Netherlands 
than was originally believed. No doubt in other countries of 
Western Europe and perhaps in the U.S.A. similar results may 
be found. Further research is in progress to study the effect of 
molybdenum on white clover under field conditions and to see 
whether other leguminous crops, particularly alfalfa, respond 
to molybdenum similarly to white clover. 

Another problem which is being studied by the author is 
the interaction copper-molybdenum. It is a well-known fact 
that on pastures high in molybdenum cattle will be poisoned by 
a high molybdenum content in the herbage (teart pastures of 
Somerset (5) ). Under such circumstances copper shows a 
beneficial effect on the health of the cattle. Burema and Wie- 
ringa (4) described an interaction between copper and molyb¬ 
denum in Azotobacter some years ago. Although in nitrogen 
fixing white clover in some cases a clear effect of copper on molyb¬ 
denum supply has been observed by the author, more research 
has to be done before conclusions can be drawn. 
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COPPER, ZINC, MANGANESE AND MOLYBDENUM 
DEFICIENCIES IN AUSTRALIA’* 

D. S. Rigeman"’* 

The aim of this review is to bring before you the circum¬ 
stances under which trace element deficiencies occur in plants 
in Australia, and to describe the progress we have made in in¬ 
vestigating the problems involved. No reference is made to re¬ 
search done overseas in this field, but that does not imply an 
ignorance or a lack of appreciation of it. 

Deficiencies of one or more of the elements copper, zinc, 
molybdenum and manganese are those most important to agri¬ 
culture in Australia. Corrective treatments are applied to sown 
pastures and small grain crops over very extensive areas, and 
commonly to fruit trees and vegetable crops. Moreover, we have 
discovered the occurrence of various trace element deficiencies, 
chiefly zinc and copper, in much of the undeveloped country in 
our higher-rainfall areas. Grain crops and pastures are now 
being sown in these lands, which were formerly considered use¬ 
less. 

The most common occurrence of these deficiencies is in 
southern Australia, in regions of winter rainfall and summer 
drought, where the rainfall exceeds about sixteen inches per 
annum; or more precisely, south-western Western Australia, 
south-eastern South Australia, southern Victoria, Tasmania and 
south-eastern New South Wales. Many thousands of square 
miles are involved in all, but lest I mislead you I must point out 
that the country affected in this way represents but a fraction 
of the total of our agricultural lands. 

Certain deficiency diseases of ruminant animals are also of 
comparatively frequent occurrence. Among them are “enzootic 
marasmus,” a fatal wasting disease of sheep, caused by cobalt 
deficiency; “enzootic ataxia” of lambs and “falling disease” of 
cattle, both caused by copper deficiency; and “coast disease” of 
sheep, caused by a dual deficiency of cobalt and copper. These 
diseases are restricted largely to southern Australia. On the 
other hand, “straight steely” wool, which is a manifestation of 
mild copper deficiency in sheep, has been observed in every State 
in the Commonwealth. 

The research into the cause of these animal diseases re¬ 
newed our interest in the deficiency diseases of plants. That 
“grey speck” disease of oats was manganese deficiency disease 
had long been known, and it had been a common practice to apply 
copper to fruit trees for the correction of certain disorders. 

—^Presented by Dr. R. L. Shirley, Biochemist and Animal Nutritionist, 
Agr. Expt. Station, Gainesville. 

—Head, Plant Nutrition Section, Commonwealth Scientific and Indus¬ 
trial Research Organization, Division of Biochemistiy and General Nu¬ 
trition, University of Adelaide, Adelaide, South Australia. 
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Once copper deficiency was known to be involved in “coast 
disease” in sheep, however, it was a simple matter to apply the 
discovery to certain problems involving the growth of pastures 
and cereal crops in the “coasty” areas. Such promising results 
were obtained that the research was directed to similar problems 
in other soils, and there soon followed the discovery of a de¬ 
ficiency of zinc, and later molybdenum, in crops and pastures 
in many of the agricultural areas. 

An excellent account of the main climatic features of Aus¬ 
tralia and the soil zones that are recognized, is to be found in a 
well-illustrated handbook entitled “The Australian Environ¬ 
ment.” This deals briefiy with many topics relating to Austial- 
ian agriculture (C.S.I.R.O. 1949). 

Manganese 

Manganese deficiency occurs in cereals in South Australia^ 
in cereals and occasionally in vegetable crops in Western Aus 
tralia- and in citrus in coastal New South Wales'. There is some 
indication also that additions of manganese, as well as zinc and 
copper, may benefit certain legumes in recently reclaimed areas 
of calcareous peat in South Australia (Anderson 1946b). These 
occurrences of manganese deficiency are restricted to compara¬ 
tively small and rather well-defined areas, but usually the crops 
raised are affected seriously unless corrective measures are 
taken. 

The discovery that “grey speck” or “road take-all” of oats 
was a manganese deficiency disease enabled Samuel & Piper 
(1928, 1929) to establish the fact that manganese is essential 
for plant growth. Piper (1941) later showed that a condition 
in peas, known as “marsh spot,” is due to a partial deficiency of 
manganese. 

Very considerable differences in the susceptibility of various 
crops to manganese deficiency have been demonstrated in the 
field and in water-culture. Of the cereals, oats is the most sus¬ 
ceptible (Samuel & Piper 1928, 1929; Leeper 1941). Subter¬ 
ranean clover and peas may remain unaffected in soil that pro¬ 
duces manganese deficiency in wheat (Adams 1937; Leeper 
1947), and many pasture plants and some weeds have been ob¬ 
served to grow well in soils that will not grow healthy oats 
(Samuel & Piper 1929; Leeper 1935a). There is evidence also 
of variabilitj’ among the pasture plants themselves (Anderson 
1946b). 

The soils that produce crops deficient in manganese are not 
themselves deficient in that element'*. The chemistry of man- 

1— Samuel & Piper (1928); Piper (1931); Scott (1932). 

2— Came (1927); Teakle, Hoare & Thomas (1933); Wild (1934); Adams 

(1937); Teakle (1939 and 1945); Teakle & Morgan (1939); Teakle & 

Wild (1940); Teakle, Morgan & Turton (1941); Teakle & Turton (1943). 

3— Levitt & Nicholson (1941); Benton (1942). 

4— Samuel & Piper (1928); Piper (1931); Leeper (1935a). 
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ganese in the soil and the factors concerned with its availability 
are therefore very important, and have received much attention.’ 
Control methods that are adopted, however, are confined to ap¬ 
plications of manganese as a fertilizer and to cultivation of less 
susceptible crops.*' 

In oats, the concentration of manganese is highest during 
the early growth stages. There is not a marked fall as the 
plants mature, and during grain formation most of the man¬ 
ganese remains in the straw (Piper & Walkley, 1943). It will 
be seen later that this differs from the behaviour of zinc and 
copper under the same conditions. Plants showing evidence of 
manganese deficiency are found to contain much less manganese 
than healthy plants (Samuel & Piper 1928,1929), and one of the 
consequences of the deficiency is an accumulation of nitrate in 
the tissues (Leeper, 1941). 


Copper 

Copper deficiency in plants is of such widespread occurrence 
in south-eastern South Australia and south-western Western 
Australia that it is not possible in a review of this nature to 
describe the areas and the soils concerned. In general, the de¬ 
ficiency is most common in the sandy and gravelly types, and 
it is there quite frequently associated with zinc deficiency. On 
geochemical evidence this is not surprising (Thomas 1938,1940). 
Many of these soils are aeolian in origin and have been derived 
in geologically recent times from calcareous sands (Crocker 
1946). It is in areas of the calcareous sands as they exist today 
that cobalt and copper deficiency in ruminant animals (Marston 
et al, 1938; Marston, Lee & McDonald 1948a, 1948b; Marston 
and Lee 1948a, 1948b) and copper deficiency in plants (Eiceman 
& Donald 1938; Eiceman, Donald & Evans 1940; Piper 1938) 
are exhibited in their most acute forms. Zinc deficiency has also 
been observed there, under certain conditions (Eiceman & An¬ 
derson 1941; Eiceman, unpublished data). Copper deficiency has 
been observed in other soils, including peats, rendzinas and terra 
rossas. Over all types the range of soil pH extends from strongly 
acid to highly alkaline. 

The deficiency is of most common occurrence in cereal crops 
and pasture plants, particularly the pasture legumes’. Vege- 

5— Samuel & Piper (1928, 1929); Piper (1931); Leeper (1984, 1935a, 
1935b, 1940, 1947); Leeper & Swaby (1940). 

6— Samuel & Piper (1928); Scott (1932); Wild (1934); Adams (1937); 
Teakle & Morgan (1939); Teakle & Wild (1940). 

7— Piper (1938); Riceman & Donald (1938); Riceman, Donald and Evans 
(1940); Riceman & Anderson (1943a); Riceman (1945, 1948a); Stew¬ 
art & Teakle (1939); Teakle & Morgan (1939); Teakle, Turton & 
Throssell (1940); Teakle, Thomas & Turton (1941); Teakle (1942b. 
1943); Teakle & Turton (1943); Beck (1941); Bennetts et al (1941); 
Strong (1941); Underwood & Beck (1941); Wild & Teakle (1941); 
Bennetts & Beck (1942); Lee & Riceman (unpublished report, 1943); 
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table crops are alFected in localized areas, mostly in Western 
Australia, and there are records of the deficiency occurring in 
fruit trees in some of the fruit-growing areas® 

In many localities where sheep produce “steely” wool there 
are no visible signs of copper deficiency in the plants consti¬ 
tuting the deficient diet. This may be a matter of species re¬ 
sistance, but it suggests that copper deficiency could become a 
limiting factor for other species of plants which might be intro¬ 
duced into those areas. 

Fortunately, the prevention or control of copper deficiency 
in field crops and pastures is usually a simple matter. Most 
arable soils in southern Australia are deficient in phosphate, 
necessitating annual applications of superphosphate. Copper 
sulphate is incorporated in this fertilizer, as required, and is thus 
distributed with it at little additional cost. 

Usually a single application of about 7 lb. of copper sulphate 
per acre brings about complete control of copper deficiency in 
both crops and pastures.® Corrective dressings do not have to 
be applied annually. In fact, a single light dressing of copper 
sulphate will prevent the recurrence of copper deficiency in the 
crops and pastures for many years, even where the deficiency 
has occurred in its most acute form.“ As little as 7 lb. of copper 
sulphate per acre is excessive on some of the sandy soils, and 
2 lb. or 3 lb. per acre have proved satisfactory under those con¬ 
ditions (Teakle 1942a; Wild & Teakle 1942; Northcote & Tucker 
1948). 

Copper deficiency in one of the calcareous sands is extremely 
acute (Riceman & Donald 1938; Riceman et al 1940; Piper 1938). 
Copper sulphate applied to that soil at seeding will enable the 
cereals to produce grain. A further and even a more striking 
improvement in the crop can be obtained, however, by applying 
the copper dressing several months before seeding is commenced 
(Riceman 1946). It appears that the application of copper to 
this particular soil not only corrects the copper deficiency, but 
also increases the supply of available nitrogen from the accumu¬ 
lated plant residues and increases the supply of available zinc. 
In this a time factor is evidently involved, which would also ac¬ 
count for the transient nature of the responses observed after 
applications of zinc to this particular soil (Riceman, unpublished 
data). In Australian experience this is an exceptional case, al- 

Underwood et al (1943); Jones & Elliott (1944); Anderson (1946b); 
Trumble & Ferres (1946); Bennetts, Beck & Harley (1948); Trumble 
(1949); Waite Institute Report (1950). 

8— McCleery (1929); Pittman (1936, 1936); Dunne (1938, 1946); Teakle 
& Morgan (1939); Teakle, Morgan & Turton (1941); Teakle, Johns and 
Turton (1943); Teakle & Morgan (1943); Ward (1946). 

9— ^Riceman, Donald & Evans (1940); Riceman & Anderson (1943a); Rice¬ 
man (1945, 1948a); Teakle, Morgan & Turton (1941); Teakle (1942a); 
Piper (1942); Wild & Teakle (1942); Jones & Elliott (1944). 

10— ^Riceman & Anderson (1943a); Riceman (1948a, 1948b, 194^); Jones 
& EUiott (1944); Dunne (1948); Northcote & Tucker (1948). 
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though it is seemingly not without parallel in other countries. An 
increase in activity of the soil microorganisms when the copper 
deficiency is corrected may account for the observed phenomena. 
This has yet to be proved. 

Much attention has been paid to studies of the copper con¬ 
tent of plants, chiefly for purposes of diagnosing or confirming 
the possible occurrence of copper deficiency in crops, pastures 
and stock. It has become evident that the assimilation of copper 
is governed to a greater extent by species than by the soils in 
which they are grown (Eiceman, Donald & Evans 1940; Teakle, 
Thomas & Turton 1941; Piper & Walkley 1943; Moore 1950). 

The copper content of cereals is highest during the early 
growth stages, and declines with increasing age of the plant 
(Beck 1941; Piper 1942; Piper and Walkley 1943). Applica¬ 
tions of copper to the soil bring about very little, if any, increase 
in the copper content of these plants, even under conditions where 
copper deficiency is known to be acute (Teakle, Turton & Thros- 
sell 1940; Eiceman, Donald & Evans 1940; Teakle, Thomas & 
Turton 1941; Piper 1942; Teakle & Turton 1943). The same 
is true in respect to potato and tomato plants (Teakle, Morgan 
& Turton 1941). 

Visible ssunptoms of copper deficiency in wheat, barley and 
oats are well-defined, particularly so in oats (Piper 1938, 1942; 
Eiceman & Donald 1938; Eiceman, Donald & Evans 1940; Eice¬ 
man & Anderson 1943b; Wild & Teakle 1942; Millikan 1944; 
Dunne & Throssell 1948). This is fortunate, because a determina¬ 
tion of the copper content, except perhaps at the seedling stage, 
is of little value for diagnostic purposes (Wild & Teakle 1942; 
Teakle & Turton 1943; Dunne 1948). 

Lucerne, subterranean clover and other legumes, however, 
can accummulate comparatively large amounts of copper, and 
the concentration varies considerably according to the soil in 
which the plants are grown. An application of copper to the soil 
usually brings about an appreciable increase in the copper con¬ 
tent of these legumes (Eiceman et al 1940; Teakle, Thomas & 
Turton 1941; Piper 1942; Teakle & Turton 1943). Analysis 
of leaf and petiole material has been found to provide useful in¬ 
formation in regard to the well-being, not only of the plants 
themselves, but also of the animals grazing them (Beck 1941; 
Teakle, Thomas & Turton 1941; Wild & Teakle 1942; Teakle & 
Turton 1943). This again is fortunate, for it is uncommon to 
find any visible symptoms of copper deficiency in these species 
in the field, other than reduced growth and poor seed production 
(Eiceman, Donald & Evans 1940; Eiceman 1948a; Strong 1941; 
Piper 1942; Jones & Elliott 1944). 

It would appear that developing floral organs of oats have a 
higher copper requirement than developing leaves. Compara¬ 
tively mild copper deficiency leads to death of the flowers during 
the early stages of development (Wood & Womersley^ 1946), 
and in this way inhibits grain production while not causing any 
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serious hindrance to vegetative growth. In fact, continued vege¬ 
tative growth, in the form of new tillers, is a characteristic fea¬ 
ture of copper-deficient oats (Riceman et all 1940, 1943b; Piper 
1942). It is for this reason that a crop already affected by copper 
deficiency can be made to produce grain even though the appli¬ 
cation of copper is delayed until quite late in the season (Rice- 
man et al 1940, 1943a; Piper 1042). 

In subterranean clover (Riceman 1945, 1948a; Jones & El¬ 
liot 1944), in peas (Riceman et al 1938, 1943b; Strong 1941; 
Teakle, Morgan & Turton 1941; Piper 1942), and in other crops 
too, a lowered seed production reflects an incipient copper de¬ 
ficiency where vegetative growth is not seriously curtailed. 

Approximately half of the copper in maturing oat plants 
finds its way into the grain (Piper & Walkley 1943), but the 
immediate source of this copper has not been determined. It 
is thought that the leaves make no contribution, as there is evi¬ 
dence that all the copper reaching them is immobilized (Wood 
& Womersley 1946). Continued absorption is not vital to flower¬ 
ing and seed production, because plants grown for only 14 days 
in water-cultures containing adequate copper and then trans¬ 
ferred to cultures that are copper-free, will grow to maturity 
and produce grain (Piper 1942). There is clearly a need for 
further research into the distribution of copper among the var¬ 
ious parts of the plant, and into the factors concerned with its 
translocation, particularly translocation into the developing in¬ 
florescences. 

Wherever copper deficiency has been observed there are 
records of species and varieties that survive and even flourish in 
the deficient terrain. A few instances of this so-called “resis¬ 
tance” will serve to show that Australia is no exception. 

In certain areas in Western Australia, drooping-flowered 
clover {Tnfolium cernuutn), fog grass {Holeus lanatus) and 
Lotus major persist where subterranean clover fails on account 
of copper deficiency (Teakle & Morgan 1939; Beck 1941; Jones & 
Elliott 1944). In South Australia, large tracts of calcareous 
sand are colonized by two poor-quality grasses (Bromus madri- 
tensis and Laguriis ovatus) and occasionally by the native le¬ 
gume Sicainsona lessetiiifolia. These species grow vigorously 
and produce a mass of seed, while many cultivated plants will 
not even survive in that soil unless additional copper is pro¬ 
vided (Riceman et al 1938, 1940). Rye corn is a “resistant” 
crop which can be grown in copper-deficient soils (Riceman et 
al 1938, 1940; Teakle & Morgan 1939; Piper 1942). Roten- 
burger black oats and Avena strigosa, two varieties introduced 
from Europe for experimental purposes because of their re¬ 
ported “resistance” to copper deficiency, have flourished where 
the cultivated varieties of oats will produce but little grain or 
none at all (Riceman et al 1940, 1943b). These are all striking 
examples, but less obvious cases of “resistance” or “suscepti¬ 
bility” are equally common (Teakle & Morgan 1939; Teakle, 



209 


Morgan & Turton 1941; Riceman 1945,1948a; Anderson 1946b). 
Their occurrence intensifies the need for a better understanding 
of the processes of absorption and utilization of copper. 

In Western Australia and South Australia good correlation 
has been obtained between the copper content of pastures and 
the observed occurrence in ruminant animals of various mani¬ 
festations of copper deficiency, such as “ataxia” in lambs and 
“falling disease” in cattle (Beck 1941; Underwood & Beck 1941; 
Bennetts et al 1941; Bennetts & Beck 1942; Bennetts, Beck & 
Harley 1948; Marston & Lee 1948b and unpublished data; Lee 
1949). However, it is only after detailed studies of this sort 
have been carried out in the regions concerned, that the copper 
content of the pasture can be related, with any certainty, to its 
ability to maintain stock in good health. Due consideration must 
be given to the infiuence of growth stage, botanical composition 
and the extent to which the pasture has been grazed (Beck 1941; 
Marston & Lee 1948b). Even then there are a number of more 
elusive factors that can invalidate the conclusions. Among these 
are seasonal conditions (Lee 1949), exemplified by the rate of 
growth of the plants, and possibly the molybdenum content of 
the herbage (Marston & Lee 1948b and unpublished data; Mars¬ 
ton 1949; Bull 1949), which itself varies independently of the 
copper content (Piper & Beckwith 1949; Moore 1950). 

Zing 

Zinc deficiency has been observed in pastures^ and cereal 
crops'^ in Western Australia, South Australia and Victoria. It 
is most common, but by no means universal, in soils of light 
texture, and in those soils it is often associated with copper de¬ 
ficiency. Zinc deficiency has also been observed in fiax in very 
restricted areas of heavy soil (Adam & Piper 1944; Millikan 
1946, 1947a; Cass Smith & Harvey 1948). 

In Western Australia and in South Australia a disorder 
known as “rosetting” occurs in pine trees in sandy soil (Kessell 
& Stoate 1938; Teakle 1939; Teakle & Turton 1943; Stephens et 
al 1941; Northcote & Tucker 1948). In all States there are 
records of either “little-leaf” in deciduous fruit trees (Morwood 
1937; Ward 1939, 1944; Anon. 1944; Kemp & Beare 1944; 
Kemp 1946; Walsh 1948; Wade 1949b; Gajrford 1949) or “mot¬ 
tle-leaf” in citrus (Pittman & Owen 1936; Benton 1937, 1942; 
Strickland 1937; West 1938; Teakle 1939; Anon. 1943, 1944; 
Gayford 1947). All three disorders are the result of zinc de¬ 
ficiency. 

11— Riceman & Anderson (1941, 1943a); Riceman & Powrie (1948) ; Rice- 
man (1946, 1948a, 1950); Ferres & Trumble (1948); Teakle & Tuiton 
(1943); Anderson (1946); Trumble & Ferres (1946); Waite Institute 
Report (1960). 

12— MiUikan (1938, 1940, 1941); Foister & Hore (1939); Riceman & 
Anderson (1941, 1943a); Riceman (1946, 1946); Dunne & Throssell 
(1948); Dunne, Smith & Caiiss (1949); Anon. (1949a). 
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By means of water-cultures it has been possible to produce 
well-defined symptoms of zinc deficiency in cereals (Piper 1940b; 
Millikan 1942) and in flax (Millikan 1942). In field grown 
cereals, however, the symptoms are not always well-defined, even 
where the deficiency is comparatively acute (Millikan 1938,1942; 
Forster & Hore 1939; Riceman & Anderson 1843b; Dunne & 
Throssell 1948). On the other hand, oats grown in recently 
cleared sandy soil commonly develop a striking bronze discol¬ 
ouration, particularly in the lowest leaves (Riceman 1945; 
Dunne, Smith & Cariss 1949). Such a pronounced discolouration 
is not one of the accepted symptoms of zinc deficiency and may be 
due to complications involving phosphorus. It is corrected by 
an application of zinc sulphate which also increases the grain 
yield considerably. 

The productiveness of subterranean clover, which is the 
legume most commonly employed in pastures in these light soils, 
can often be increased strikingly by an application of zinc sul¬ 
phate. In these situations it is usually necessary to apply copper 
as well, to improve the production of seed (Riceman 1945, 
1948a). The appearance of the plants may give no indication at 
all of zinc deficiency, except in relatively acute cases, when 
dwarfing and yellowing of the leaves and failure of the stems to 
elongate provide unmistakable evidence of zinc deficiency (Fer¬ 
res, personal communication; Powrie & Riceman, unpublished 
data). 

Trial and error methods in the field, using appropriate ferti¬ 
lizers, are thus still indispensable in determining the need for 
applications of zinc "where the deficiency is suspected. Similar 
methods, carried out in small pots of the suspected soils in the 
glasshouse, prove a useful subsidiary to investigations in the 
field (Ferres & Trumble 1943). 

Some progress has been made in efforts to recognize in¬ 
cipient zinc deficiency in subterranean clover by means of plant 
analysis. Legumes accumulate more zinc than grasses grown 
in the same soil (Piper & Walkley 1943), and their zinc content 
varies widely according to growth stage, soil, and fertilizer 
treatment (Teakle & Turton 1943; Riceman, Powrie & Jones, 
unpublished data). The determination of the zinc content of 
leaf and petiole material of subterranean clover, collected at the 
time of flowering, seems to show promise of revealing incipient 
zinc deficiency in these plants (Teakle & Turton 1943; Riceman, 
Powrie & Jones, unpublished data). However, such data must 
still be interpreted with reserve because light duration, air 
temperature, and other environmental factors can influence the 
uptake of zinc and its distribution within the plant, often with 
far-reaching consequences (Trumble & Ferres 1946; Ferres 
1949). 

Some attention has been paid to the distribution of zinc in 
oats and to the eflEects of inadequate absorption, but similar 
studies in subterranean clover have been sadly neglected. 



211 


In oats the concentration of zinc is highest during the seed¬ 
ling stages (Piper & Walkley 1943) but absorption continues 
throughout the growing period (Siblyl949). At maturity, about 
three-quarters of the zinc in the above-ground parts of the 
plant is concentrated in the grain (Piper & Walkley loc. cit.). 
It appears that the leaves do not contribute to this concentration, 
as all the zinc reaching the leaves is retained permanently by 
them, even under conditions of zinc deficiency (Sibly loc. cit.). 

There is some evidence that zinc is involved in phosphorus 
metabolism (Quinlan Watson, private communication), in pro¬ 
tein synthesis (Sibly 1949) and in the rate of photosynthesis 
(Ferres 1949), of plants. 

In preliminary investigations into the relation of zinc to 
phosphorus metabolism, zinc-deficient oats in water-cultures 
were found to contain extremely large amounts of phosphorus, 
of which an abnormally large proportion was in the inorganic 
form (Quinlan Watson, private communication). The ratio of 
P to Zn, at the late tillering stage, was not below 1000:1 and in 
some cases it greatly exceeded that figure. The ratio in zinc- 
treated plants was of the order of 300:1. A ratio of 100:1 (P 2 O 5 / 
Zn ratio of 230) has been observed at maturity in wheat grown 
on fertile soil (Walkley 1940). Further research in this direc¬ 
tion is justified on practical as well as on theoretical grounds. 
If an abnormal accumulation of phosphorus proves to be a gen¬ 
eral consequence of zinc deficiency, the ratio of P to Zn would 
give a clear indication of deranged metabolism. This ratio, by 
varying more widely than the simple concentration of zinc, 
would assist in determining whether observed values for zinc 
content at any particular growth stage represent “sub-optimal” 
concentrations. 

Heavy applications of superphosphate have been observed to 
induce or to intensify symptoms of zinc deficiency in citrus 
(West 1938), flax (Millikan 1946, 1947a; Cass Smith & Harvey 
1948), oats (Riceman 1945), and subterranean clover (Powrie 
& Riceman, unpublished data), but no attempt has been made 
to determine the mechanism by which this is brought about. It 
may be significant that all these species are rather susceptible 
to zinc deficiency (Forster & Hore 1939; Millikan 1942; Adam 
& Piper 1944; Riceman 1945, 1948a; Trumble & Ferres 1946) , 
and that lucerne, which is remarkably resistant to this defici- 
ciency (Riceman 1945, 1948a; Anderson 1946b; Trumble & 
Ferres 1946), flourishes where dressings of superphosphate as 
high as 8 cwt. per acre are applied without any zinc supplement 
(Riceman 1948a; Riceman & Powrie, unpublished data). At the 
other end of the scale, certain weeds, notably Fiimaria officinalis, 
will tolerate a concentration of zinc that is too high for flax 
(Millikan 1947b). 

It is fortunate that zinc deficiency in susceptible crops and 
pasture species can be prevented by relatively light dressings 
of zinc sulphate. Quantities as low as 5 to 14 lb. per acre are 
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applied to cereals and pastures in peat and light soils (Riceman 
1945, 1948a, 1950; Anderson 1946b; Dunne, Smith & Cariss 
1949; Waite Institute Report 1950), while 15 to 30 lb. is ade¬ 
quate for flax and cereals grown in soils of heavier texture 
(Millikan 1938, 1941,1946; Forster & Hore 1939; Adam & Piper 
1944; Cass Smith & Harvey 1948). One single application of a 
dressing as light as these is sufficient to protect the crops and 
pastures from zinc deficiency for many years. In this regard 
it is interesting to find that the quantity of zinc added inad¬ 
vertantly to these soils may amount to the equivalent of Vi to 
1 2 lb. of zinc sulphate for every 1 cwt. of superphosphate that 
is’ applied (Walkley 1940; Oertel and Stace 1947; Dunne & Thros- 
sell 1948). This is sufficient to replace most, if not all, of the 
zinc removed by a high yielding wheat crop (Walkley 1940). 
Such small quantities of zinc may be of no consequence in the 
initial prevention of zinc deficiency in crops and pastures in 
zinc-deficient soil (Walkley loc. cit.; Powrie & Riceman, unpub¬ 
lished data), but their regular addition as an impurity in super¬ 
phosphate probably delays the need for further deliberate ap¬ 
plications of zinc. 


Molybdenum 

It is not long since molybdenum was first discovered to 
be a limiting factor in the growth of legumes in certain acid 
soils in South Australia (Anderson 1942). The discovery stimu¬ 
lated a search for the existence of a similar condition elsewhere. 
There are reports now of molybdenum deficiency in pasture 
legumes, chiefly subterranean clover and lucerne, in several 
other States, and further occurrences have been observed in 
South Australia (Fricke 1943, 1944, 1945a, 1945b; Stephens & 
Oertel 1943; Shaw, Barrie & Kipps 1944; Teakle 1944; Trumble 
1945; Trumble & Ferres 1946; Anderson 1946a, 1948; Anderson 
& Spencer 1949; Northcote & Tucker 1948). In Tasmania, a 
disease in oats known as “Blue Chaff” has been controlled by 
applications of molybdenum (Fricke 1947). Reference will be 
made later to the occurrence of molybdenum deficiency which 
is thought to be associated with manganese toxicity. 

New Zealand work provided the clue to the cause of “Whip- 
tail” disease in cauliflowers, and dressings of molybdenum are 
now commonly used in vegetable-growing areas in Australia to 
control not only “Whiptail” (Waring, Shirlow & Wilson 1947: 
Wilson & Waring 1948; Waring, Wilson & Shirlow 1948, 1949; 
Dunne & Jones 1948; Wade 1949a), but diseases in a number of 
other crops as well (Fricke 1944, 1945a; Wilson 1948, 1949a, 
1949b; Anon. 1949a). 

The molybdenum deficiency diseases are, vrith few exceptions, 
confined to plants growing in soils having an acid reaction. 
Dressings of lirne, wood ash, or other alkaline material are 
usually effective in alleviating the condition and were commonly 
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used before it was suspected that molybdenum was involved 
(Anderson 1942, 1946a; Anderson & Oertel 1946; Stephens & 
Oertel 1943; Waring, Wilson & Shirlow 1948, 1949). It is now 
known that the benefit of these dressings can be attributed to 
their influence on molybdenum availability (Oertel, Prescott & 
Stephens 1946). 

Effective control of the deficiency is obtained by direct ap¬ 
plications of molybdenum to the soil. The quantities applied are 
extremely small. No more than 1 to 2 oz. of molybdenum tri¬ 
oxide per acre are required to give complete control of the de¬ 
ficiency in subterranean clover (Anderson 1946a, 1948). Rather 
heavier dressings, mostly in the form of ammonium molybdate 
or sodium molybdate, are applied to vegetable crops (Waring, 
Shirlow & Wilson 1947; Waring, Wilson & Shirlow 1948, 1949). 

A spectrochemical survey of phosphate rocks of different 
origin, and of superphosphate made from them, has revealed 
differences in the amount of molybdenum present (Oertel & 
Stace 1947). No molybdenum was detected in rock from Nauru 
and Ocean Island, where Australia's supplies are normally pro¬ 
cured, but rock from Egypt, Algeria and Florida contained 
traces of molybdenum amounting to several parts per million. 
The superior results that are occasionally obtained in molyb¬ 
denum-deficient areas with some superphosphates may be due 
to this impurity (Trumble & Ferres 1946; Millikan 1948-1949), 
since it is known that deliberate applications of as little as 
1/16 oz. of molybdenum trioxide per acre to deficient soil can 
exert a beneficial effect on the growth of subterranean clover 
(Anderson 1946a). 

The restricted growth of subterranean clover plants in molyb¬ 
denum-deficient soils is due to nitrogen deficiency in the host- 
plant, brought about by a breakdown in the process of symbiotic 
nitrogen fixation (Anderson 1946a, 1948; Anderson & Thomas 
1946; Anderson & Oertel 1946; Anderson & Spencer 1949). The 
host-plants are not directly affected by the molybdenum de¬ 
ficiency. They respond vigorously to dressings of nitrogen fer¬ 
tilizer where no molybdenum is added. Grasses behave similarly. 

Subterranean clover grown in the affected soils may not de¬ 
rive full benefit from applications of molybdenum unless the 
plants are adequately manured with phosphate (Anderson 
1946a). In this the host-plant is concerned directly (Anderson 
& Thomas 1946; Anderson & Oertel 1946). A parallel case 
has been discovered where sulphur deficiency inhibits a molyb¬ 
denum response by subterranean clover. The nitrogen metabo¬ 
lism of the host-plant, in this case, is limited directly through 
lack of sulphur, while symbiotic nitrogen fixation is limited 
through lack of molybdenum (Anderson & Spencer 1949). 

The concentration of molybdenum in healthy plants of lu¬ 
cerne and subterranean clover is found to be extremely low; 
it seems that a concentration of not more than 1 part of molyb¬ 
denum per 10 million of dry weight of leaf and stem is adequate 
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for normal metabolism of the host-plant (Teakle 1944; Ander¬ 
son & Oertel 1946; Oertel, Prescott and Stephens 1946). In 
these species, and in several other legumes that have been ex¬ 
amined, more molybdenum is found in the roots than in the 
tops, and much more is found in the nodules than in the tissues 
of the root itself (Jensen and Betty 1943). 

In crops that are affected directly by molybdenum deficiency, 
such as vegetable crops, nitrogen metabolism is upset and this 
leads to an accumulation of nitrate in the tissues and to the de¬ 
velopment of pronounced lesions on the leaves (Piper 1940a; 
Fricke 1947; Wilson & Waring 1948). 

In some soils, molybdenum deficiency is associated with 
manganese toxicity. This has been observed in subterranean 
clover (Anderson 1948), in beans (Wilson 1949a), and in flax 
(Millikan 1948-1949). Addition of molybdenum appears to 
alleviate the condition by producing some measure of tolerance 
to the high concentrations of manganese. This is supported by 
laboratory investigations, ■which have demonstrated an effect of 
molybdenum in reducing the symptoms of toxicity induced in 
flax by high concentrations of manganese and several other 
heavy metals (Millikan 1947c, 1948, 1949). 

Future Trend 

From this review it •will be evident that research into the 
trace element deficiencies in Australia has been directed very 
largely to the solution of the immediate problems of prevention 
or control. Rapid progress has been made during the past dec¬ 
ade, but further advances are becoming ever more dependent 
upon an extension of basic knowledge. For this it is no longer 
sufScient for us to depend upon our colleagues overseas, and 
so in Australia now the emphasis in research is shifting from 
the practical to the fundamental aspect of nutrition, and the 
species under observation are the ones most commonly em¬ 
ployed in our o'wn deficient terrain. 

Such a change in the direction in which research progresses 
is naturally a slow one, but in the future we may hope to see 
advances that ■will enable us to comprehend more clearly the 
true significance of our experimental findings. 
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THE SIGNIFICANCE OF TRACE ELEMENTS IN RELATION 
TO HEALTH OF RUMINANTS IN GREAT BRITAIN’ 

H. H. Green and Ruth Allceopt’* - 

The purpose of the present paper is to provide a brief re¬ 
view of the significance of the so-called “trace elements” or 
“minor elements” in relation to disorders of ruminants as they 
occur in Great Britain, in comparison with occurrence of simi¬ 
lar disorders in other parts of the world. 

Pigs and poultry are omitted from consideration, partly 
because of differences in requirements of animal species, partly 
because so much of the food in their mixed rations is imported 
and not characteristic of any one farm, and partly because of 
the occurrence of minor elements in the mineral mixtures nor¬ 
mally fed to them to ensure adequate intake of major elements. 
At any rate, they do not seem to present the definite regional 
problems characteristic of ruminants restricted to pasture and 
supplementary foods grown on single farms or definite geo¬ 
graphical areas. 

As well known to all agricultural chemists and physiolo¬ 
gists, the number of minor elements found in plant and animal 
tissues is very large, and traces of almost any element present 
in soils can appear in a plant simply because they are brought in¬ 
to solution by the action of its roots and can not be entirely re¬ 
jected. Some of these are inert, like nickel, which is always 
present in soil grown vegetation but without which the plant 
grows equally well in water cultures from which the element is 
carefully excluded, and upon which no known physiological pro¬ 
cess of the consuming animal is known to depend. Others, such 
as boron, are essential for plant health and hence find their 
way into animal tissues where, however, they are not known to 
serve any useful purpose. A third group, exemplified by selenium, 
serve no useful purpose either in plants or animals but can be 
tolerated by certain species of plants in such large quantities that 
they cause “selenosis” (the old “alkali disease” of South Dakota) 
in animals consuming them. 

The “trace elements” only become economically important if 
they happen to be essential micro-nutrients, the absence of which 
causes “deficiency disease,” or if they occur in soils in excessive 
amounts injurious to plants or animals, or if they appear as the 
result of contamination by industrial processes. 

It is proposed to limit consideration to manganese, iodine, 

—Presented by Dr. W. G. Kirk, Vice Director in Charge, Range Cattle 
Station, Ona. 

’ —Dr. H. H. Green (O.B.E.,D.Sc.) is head of the Department of Bio¬ 
chemistry of the Veterinary Laboratory, Ministry of Agriculture and 
Fisheries, Weybridge, England and Dr. Ruth Alleroft (B.Sc., Ph.D.) is 
a Senior Research Officer in that Department. 
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cobalt and copper, as examples of essential micro-nutrients, 
molybdenum as example of a minor element important in Great 
Britain when present in pastures in injurious amounts, and 
fluorine as example of a minor element which has come into 
prominence in recent years throuch industrial contamination of 
pastures grazed by ruminants. 

Manganese 

This element is mentioned only because of prevalent mis¬ 
conceptions concerning its importance. Although it is an essen¬ 
tial micro-nutrient in animal life and, on the basis of experi¬ 
mental work on rats it is believed to affect gro'wth rate, skeletal 
metabolism, ovulation and development of the foetus, when the 
adequate traces are not available, it is usually present in suf¬ 
ficient amounts in the vegetative parts of plants to cover the re¬ 
quirements of grass-eating animals. This is true even when soil 
conditions are such as to lead to definite sjTnptoms of manganese 
deficiency in susceptible plants, and it is not uncommon to see 
signs of manganese deficiency in oats, ■wheat and peas grown on 
cultivated soil, when adjoining similar soil under grass is carry¬ 
ing perfectly healthy cows showing none of the signs of man¬ 
ganese deficiency which would be expected from the known 
effects of experimentally induced deficiency in small laboratory 
animals. 

Some years ago the view was put forward by Hignett (1941) 
in Britain that a form of delayed ovulation in the larger farm ani¬ 
mals, when the female comes into heat and accepts the male be¬ 
fore descent of the ovum, could be attributed to manganese defic¬ 
iency of pasture occasioned by excessive liming of the soil. Subse¬ 
quent investigation, however, involving attempts to control the 
temporary infertility by manganese therapy, has not substan¬ 
tiated the view and it has been abandoned by Hignett himself. 

The converse case of possibly injurious effects of high man¬ 
ganese in pastures can also be dismissed as highly improbable. 
An earlier suggestion (Blackmore et al. 1937) that high man¬ 
ganese was conducive to hypomagnesaemic tetany failed to find 
corroboration in experimental observations of Allcroft (1937), 
and has not stood the test of time. 

Iodine 

It is hardly necessaiy to mention that iodine is required for 
the formation of thyroxine, the hormone of the thyroid gland, 
and that goitre is the common sign of dietary deficiencj'. Daily 
animal requirements are small, ho'wever, and traces of the order 
0.05 mg.-O.lO mg. per 100 lb. body-weight are sufficient. Never¬ 
theless, acute iodine deficiency occurs in farm stock in many parts 
of the world, manifested as congenital thyroid hj'pei’plasia in 
piglings, calves and lambs, and less commonly as goitre in adult 
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cattle, sheep, goats and pigs. It should be emphasized, however, 
that direct iodine deficiency in the food is not the only cause of 
thyroid hyperplasia, and that any factor which reduces absorp¬ 
tion of iodine, or increases the utilization of thyroid hormone, 
may increase normal demand, and that substances may be present 
in plants w'hich interfere with the proper metabolism of the 
thyroid gland itself. 

In Great Britain typical iodine deficiency in farm stock is 
very rare, but has been recorded in both lambs and calves, notably 
by Jamieson et aX. (1945 and 1947) and associated with charac¬ 
teristically low iodine content of the thyroid gland. 

The type of “conditioned iodine deficiency” brought about 
by some “goitrogenic factor” in the food is also recognized, 
and an extreme case of naturally occurring congenital th 3 a*oid 
hyperplasia in lambs, resulting from excessive feeding of kale 
to pregnant ewes, may be cited (Shand & Allcroft 1950). The 
outbreak occurred in the spring of 1949 in a flock of 500 Oxford 
cross-bred ewes in Nottinghamshire, many of which delivered 
still-born lambs or lambs which died a few minutes after birth, 
showing notable thyroid hyperplasia. Associated with this was 
the fact that the kale crop had been exceptionally good and pro¬ 
vided the major ration during the gestation i)eriod. This 
suggested the “goitrogenic factor” known to be present in cab¬ 
bage and it was decided to attempt to reproduce the condition 
experimentally the following year. The main flock fed under 
ordinary farm management on roots, grass and hay, was limited 
to a small amount of kale and, to protect the farmer in case 
genuine iodine deficiency was involved, was hand-dosed at fort¬ 
nightly intervals wdth potassium iodide. Two groups of 50 
each, however, were isolated for experimental purposes, one 
fed on the same ration as the main flock but without the supple- 
mentarj’^ iodine and the other fed exclusively on kale from tup¬ 
ping time until lambing. The kale supply, and practical dif¬ 
ficulty of isolating a third group, prevented inclusion of a trial 
with “kale only plus iodine” but the limited results dramatically 
established kale as the causal factor. The lot fed roots, hay, and 
limited kale, lambed normally with an average of three lambs 
for every tw’o ew'es. The lot fed exclusively on kale averaged 
less than one surviving lamb for every two ewes. Some of the 
ew’es aborted and of the lambs w'hich w^ere born alive a large 
proportion died within a few hours with enlarged thsToid glands, 
the largest of which w’eighed 270 grams. Iodine determinations 
on blood of the ew’es at intervals during gestation showed no 
difference in total iodine and protein-bound iodine, as between 
those fed exclusively on kale and those fed on limited kale, al¬ 
though the ewes of the main flock receiving iodine show’ed, as 
w'ould be expected, much higher values. Iodine values on all the 
enlarged thyroid glands of the lambs in the kale group were low 
although not all as low’ as w’as expected. The experiment is being 
repeated for 1950-1951. including an iodine supplement to a 
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kale fed group, but provisionally it is anticipated that iodine may 
not act prophylactically. The clinical condition in the lambs did 
not suggest low iodine goitre as known in iodine deficient areas, 
but rather suggested an anti-thyroxin factor interfering with 
the metabolism of the gland in spite of adequate iodine intake. 
Even those lambs with only moderate thyroid hyperplasia, and 
which could have been expected to survive, died on the day of 
birth, often within a few minutes of delivery. Few of the ewes 
themselves showed any obvious abnormality—^thyroid enlarge¬ 
ment in this case was not palpable except in one or two instances. 

Cobalt 

There is no need to recapitulate the classical work on cobalt 
deficiency in Australia and New Zealand, where occurrence was 
on the grand scale in some areas until the etiology of various 
obscure conditions was cleared up by the work of Underwood 
and Filmer (1935) and of Marston and Lines (1935). 

In Great Britain “enzootic marasmus” of cattle does not 
appear to have been specifically recorded except on the Isle of 
Tiree in the Hebrides, but subdued cobalt deficiency doubtless 
exists in cattle in areas where “pine” of lambs is well established. 
In Scotland, “pining” or “vinquish” in lambs has been known as 
a debilitating disease from time immemorial, was attributed to 
iron deficiency in the late twenties, and definitely shown to be 
due to lack of cobalt in 1938 (Corner and Smith, 1938) when 
Australian work became well known. Since that date the most 
valuable work in Scotland has been done by collaboration between 
the Macauley Institute for Soil Research in Aberdeen and the 
Moredun Institute of the Animal Diseases Research Association 
at Edinburgh. A map of the affected areas was given by 
Stewart, Mitchell and Stewart (1946) and further investigation 
is rapidly adding to its scope and accuracy. Large tracts of land 
north of Inverness are affected, and specific districts in the 
Solway area and Roxburghshire in the south have been defined. 
In England the areas most definitely affected are the granite 
and sandstone soils of Devon and Cornwall investigated by Pat¬ 
terson (1946). 

Other areas of Great Britain are also affected to a lesser 
extent and forms of subdued cobalt deficiency have been reported 
from the Northern Counties in England, from the Fens of 
Norfolk, and hill lands of Wales, but no systematic mapping has 
yet been undertaken and the true position is uncertain. It has 
been suspected but not yet investigated in Ireland, on soil forma¬ 
tion similar to those of affected areas in England and Scotland. 

In general the course of investigation has followed the lines 
of Australasian vrork very closely and the method of dealing 
with the problem is much the same. WTiere pastures are under 
proper management fertilization of the soil with the requisite 
small quantities of a cobalt salt is the simplest procedure. The 
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Scottish workers favour an application of 2 lb. per acre of cobalt 
sulphate once in a rotational course of four years, as compared 
with the annual application of 5 oz. per acre favoured in New 
Zealand. Where the value of the land does not repay systematic 
pasture management as with much of the rough hill grazing 
in various parts of affected country, reliance is placed on suitable 
mineral mixtures offered ad libitum or on oral dosing as often 
as the shepherd can manage it. 

The safe lower limit for cobalt in pastures in Britain is taken 
as about 0.08 p.p.m. on the dry matter and it is considered highly 
unlikely that healthy lambs can be reared on pastures containing 
less than 0.05 p.p.m. It will be noted that these figures are 
very similar to those derived from Australia and New Zealand. 

Since it is often difficult to secure pasture samples free from 
a degree of soil contamination which may invalidate analytical 
results, the Macaulay Institute in Aberdeen prefers soil analyses 
for survey purposes. Figures for total soil cobalt have little sig¬ 
nificance but the moiety extractable with 2.5 per cent acetic acid 
is regarded as a fairly reliable index. The range 0.25-0.30 p.p.m. 
for acetic-soluble soil cobalt is treated as critical. 

The function of cobalt in the animal economy is still obscure, 
but the fact that naturally occurring cobalt deficiency diseases 
are confined to ruminants, and are unknown in non-ruminants, 
at once suggests a functional relationship. That the rumen is 
specifically involved was indicated by an observation of Marston 
in Australia about 1940 (not published until later), to the effect 
that cobalt administered by mouth to cobalt deficient sheep ivas 
vastly more effective than cobalt administered intravenously. 
The reason for this behaviour has been under investigation at 
the Rowett Institute in Aberdeen, the most recent observations 
being those of Phillipson and Mitchell (1950). These -workers 
maintained lambs in a cobalt deficient state on a ration of cobalt 
low hay, flaked maize and maize gluten meal supplemented with 
cod-liver oil and bone flour, and found that 0.1 mg. Co per day 
was sufficient to allow normal increase in weight, but that the 
same daily dose by intravenous injection had no effect, although 
it led to liver storage of the element. Using various fistulae 
cobalt was introduced separately into the rumen, abomasum, and 
duodenum. Good responses -were obtained, rather variable in the 
case of duodenal introduction, but the rumen liquor of all the 
■treated animals contained more cobalt than that of the controls, 
indicating a back-w'ard leak vitiating deductions. They concluded 
that their observations support the suggestion of Marston and 
Lee (1949) but do not exclude the possibility that free cobalt is 
necessary in the abomasum itself. 

Molybdenum 

British pastures may be regarded as containing a common 
normal of about 1 p.p.m.-3 p.p.m. Mo expressed on the dry mat- 
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ter, and this level is regarded as beneficial. Normal traces are 
certainly important for fixation of atmospheric nitrogen by free- 
living Azotobacter in soils and the nodule bacteria of legumes, 
and Mulder (1948) has assigned a specific function to molyb¬ 
denum in the nitrogen metabolism of the plant. The lower limits 
of molybdenum in British pastures have been little investigated, 
and it is not known whether traces of this element are essential 
to animals or not, but it is quite certain that it can be taken up 
from some soils in such excessive amounts that it becomes harm¬ 
ful to grazing ruminants. 

The clearest cases of “molybdenosis” occur on the so-called 
“teart” soils, derived from the molybdeniferous lower lias geo¬ 
logical formation in Somerset. Although the association of 
“teart” pastures with a “scouring disease” of ruminants had 
been recognized for centuries it was not until about 10 years ago 
that the explanation was found by workers at Jealott’s Hill 
(Ferguson, Lewis and Watson 1943) and prophylactic measures 
devised. The disorder mainly affects cows in milk and young 
stock. Sheep are less affected and horses not at all. Diarrhoea 
may commence even within 24 hours of putting cattle on to af¬ 
fected pastures in Spring, and the dung soon becomes watery, 
evil-smelling, and yellow-green in colour. The animals become 
filthy, develop staring discoloured coats (not true “depigmenta¬ 
tion” of hair fibres) and lose condition rapidly, eventually suffer¬ 
ing permanent injury or death. The rapidity with which re¬ 
covery ensues on transfer to non-teart pastures is very charac¬ 
teristic. 

The area concerned in central Somerset comprises about 
20,000 acres and smaller areas are found in North Somerset, 
Gloucester and Warwick. So far as is known the problem is 
negligible in other areas of Britain. The pastures of non-teart 
areas in the same county are usually below 3-5 p.p.m. Mo (D.M. 
basis), and rarely exceed 5-7 p.p.m., although occasional values 
as high as 9-11 p.p.m., and rarer values as high as 20 p.p.m. 
appear in various parts of Britain. But in the Somerset “teart 
pastures” figures up to 100 p.p.m. are encountered and figures 
well above 20 p.p.m. are common. The severity of scouring is 
directly related to the water-soluble molybdenum in the grass, 
which is highest during the active phase of growth and low’est 
in old grass. Diarrhoea, therefore, usually commences in May 
and ends in October. 

The disease is a sti'aightforward “molybdenosis” and can 
be produced in a few days in stalled animals by dosing with 
sodium molybdate, on a ration not itself conducive to constipa¬ 
tion, or by putting cattle on any growing pasture dressed with 
molybdate in amount sufficient to bring the molybdenum content 
up to “teart” levels. The mechanism of the scouring effect is not 
yet understood but it concerns only the alimentary tract, and 
the diarrhoea can be controlled by the therapeutic use of copper 
sulphate, a procedure w'ell known in veterinary practice for most 
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forms of scouring, even those of bacterial origin. A daily dose 
of 1 gm. for young stock and 2 gm. for cows, administered most 
conveniently as lb or 1 lb of “anti-teart cake” (copperised 
dairy cubes) is suiRcient to enable the grass to be used right 
throughout the season. This has little or no eifect on the absorp¬ 
tion of molybdenum and levels of this element in the blood and 
urine of the cattle remain high without apparent adverse effect. 
In “teart” areas the severity of the disease can also be mitigated 
by cultural procedures or the land used for controlled purposes 
other than grazing. Legumes absorb more molybdenum from 
the soil than grasses. Little absorption occurs on acid soils, but 
on alkaline or neutral soils uptake by plants is rapid. Animals 
in very good condition on supplementary feeding for milk pro¬ 
duction seem less prone to scouring at grass than animals limited 
entirely to high molybdenum pastures. 

At first this English “teart” area seemed to represent a geo¬ 
logical curiosity, but a few years later Britton and Goss 
(1946) reported a disease in California resembling “teart” and 
have since (personal communication) found pasture levels of 
molybdenum even higher than those in Somerset. 

Of interest also is a case of “industrial molybdenosis” now 
under investigation near Glossop in England. The factory con¬ 
cerned produces various alloys, mainly special steels, and uses 
large amounts of molybdenum. Some of this escapes with the 
chimney effluents and contaminates pastures in the direction of 
the prevailing wind. Scouring of grazing dairy cows ensues 
and typical “teart” appears. 

Fluorine compounds are also emitted and the clinical picture 
is one of molybdenosis, hypocupraemia, and mild fluorosis. 

Copper 

Although evidence of copper deficiency in live-stock seems 
to have been first supplied from Florida in 1931 and Holland 
in 1933, the most valuable work over the ensuing years has come 
from Australia. It was not until 1938 that copper was definite¬ 
ly associated with disease in sheep in Britain and not until 1946 
that hj^jocupraemic disorders of cattle came under observation. 

Several complex clinical conditions associated with low cop¬ 
per status are now recognized in England, Scotland, Wales, and 
Ireland, nearly all on pastures normal in copper content. The 
very low’ pasture copper levels recorded in some parts of the 
world, 3 p.p.m. or less, have not yet been observed in Britain and 
it is believed that “straight copper deficiency” in ruminants does 
not occur; that recognized disorders associated with hypocuprae¬ 
mia and low liver copper are all “conditioned”; and that there 
may be a variety of conditioning factors different in character. 

Sheep 

The disease ‘neonatal ataxia of lambs’ has a wide geographi- 
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cal distribution throughout England, Wales and Scotland, but 
has not so far been reported from Ireland although the occurrence 
there of hypocupraemic disorders in cattle (Senior 1950) would 
suggest that this disorder of sheep also occurs in some areas. It 
has been known for many years in Britain under a variety of 
names, such as “swayback,” “swingback,” and “warfa,” and 
has been shoism to be pathologically similar to “enzootic ataxia” 
of lambs in Australia as described by Bennetts and his colleagues 
(Bennetts and Chapman, 1937; Bennetts and Beck, 1942), and 
to “renguerra” in Peru described by Gaiger (1917). 

Although the disease has a -wide distribution throughout Bri¬ 
tain, the incidence varies from year to year on the same farms 
and in the same districts, but there are some areas, notably parts 
of Derbyshire, where it occurs year after year, the only variation 
being the percentage of lambs affected each 3 'ear. Before pro¬ 
phylactic measures were taken the mortality in severely affected 
areas varied annually from 5 to 50 per cent of the lambs born. 
Ewes of any age or breed may give birth to ataxic lambs, and 
ewes which produce affected lambs one 5 'ear, may produce noi“raal 
lambs the next, but in our experience occurrence of the disease 
is broadly related to length of sojourn on ‘affected’ farms. Ob¬ 
servations made in Derbyshire over a period of six shears showed 
that no ewe which had been on an ‘affected’ farm for less than 
11 2 years gave birth to an ataxic lamb. 

There appears to be two t 3 rpes of the disease, the common 
acute form in which the lambs are clinicallj" affected when born, 
and a ‘delayed’ type in which clinical signs may develop as late 
as three months after birth. In both, however, the symptoms 
are essentially those of a spastic paralysis, particularly of the 
hind limbs, and vary only in severity. All cases show inco-ordi¬ 
nation of movement; severe cases are unable to stand; others 
may walk with difficulty, sway and tumble. Mild cases show 
onlj’’ slight weakness of the hind quarters, particular!}* when 
made to move quickly. Severely affected lambs usually die 
shortly after birth but mild cases often survive, and when bred 
from later may produce normal lambs. Mothers of affected lambs 
remain apparently healthy and show no clinical symptoms. No 
evidence of anaemia associated with low blood status has been 
observed in Britain, the condition in this respect differing from 
that in Australia. Innes (1934-35) carried out a detailed patho¬ 
logical study of the disease in England and showed that it is 
characterized by a diffuse symmetrical demyelination of the 
cerebrum, varying in extent from small foci in the centrum 
ovale to gross demyelination of the whole hemispheres with lique¬ 
faction and cavitation in extreme cases. Secondai’y degeneration 
of the motor tracts in the cord is always present. Fig. 1 gives 
some idea of the brain lesions. It shows three horizontal sections; 
the top one is from a normal lamb; the bottom one shows the 
gross destruction of white matter with extensive cavitation; the 
middle section shows less severe cavitation. 
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Figure 1.—The various brain sections give some idea of the 
lesions produced by “Swayback” of sheep m this important organ. 
The top one is from a normal lamb; the bottom one shows ^‘oss 
destruction of white matter with extensive cavitation; the middle 
one shows less severe cavitation. 


Evidence at present indicates that demyelination occurs at a 
relatively late stage of gestation, probably within the last six 
weeks, i.e. after cerebral myelination has begun. Romanes 
(1947) has shown that the first mj’^elin appears in the forebrain 
of the foetus at 96 days. 

Since the pioneer work of Bennetts and his colleagues it has 
been well known that the disease is associated with a low copper 
status of both ewes and lambs and that it can be prevented by 
administration of copper to the ewe during late pregnancy. Al- 
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though not feasible in ordinarj’^ farming practice, Weybridge 
work has shown that a single intravenous injection of 20 mg. Cu 
as copper sulphate to the mother about six weeks before parturi¬ 
tion, will also prevent the disease. Sufficient copper is stored in the 
liver to tide over the intervening period. Although blood copper 
values of ewes in areas where the disorder is likely to occur are 
low, commonly about one-third normal, this is of little value 
for diagnostic purposes since a ew’e with a value only one-tenth 
normal may still deliver a healthy lamb, and sometimes one twin 
lamb may show the disease and the other not. All that can be said 
is that if the blood-copper status of a flock is very low the inci¬ 
dence of ‘swayback’ in the lamb crop is likely to be high, and that 
if this low status is elevated by administration of copper the 
disease will vanish. Our owm investigations in Derbyshire 
showed that ‘swayback’ could occur if the blood copper of the 
ewe before lambing fell below 0.06 mg'100 ml., and quite fre¬ 
quently occurred at 0.04 mg./100 ml., but nevertheless occurred 
in only 14 per cent of those ewes with a blood Cu of less than 
0.02 mg.'100 ml. This indicates that the copper content of the 
circulating blood of the ewe is not the sole factor determining 
the incidence of ‘swayback’ in the lamb, and that shortage of 
copper supply to the foetus may not be the sole cause of demye- 
lination during late gestation. 

Although ‘swayback’ of Britain and enzootic ataxia of Aus¬ 
tralia correspond very closely, there is the important aetio- 
logical difference that in Australia the disease occurs on pastures 
low’ in copper, below 5 p.p.m. on a dry matter basis and commonly 
below 3 p.p.m., whereas in Britain it occurs irrespective of cop¬ 
per content and is prevalent in Derbyshire at levels of 7 to 15 
p.p.m. or more. In Australia the disease has been attributed to 
a simple copper deficiency rectifiable by fertilizing the soil with 
copper salts. In Britain another factor seems to operate, w’hich 
either depresses the availability of the copper in the plant, or in 
some way interferes wdth copper metabolism in the animal it¬ 
self. 

The factor in the pastures W’hich induces the disease in spite 
of normal or high copper content is unknown, but experimental 
w’ork carried out at Weybridge about 7 years ago showed that 
it exists in transportable form. From one farm in Derbyshire 
showing an average of 15 p.p.m. Cu in the pasture dry matter. 
20 ew’es, each with low blood copper and each with a past history 
of bearing ‘swayback’ lambs, were transferred to Weybridge 
soon after tupping and there fed in stalls on a ration of oats and 
straw' containing only 5 p.p.m. Cu. The blood copper rose rapidly 
and all lambs were born normal. In the control group left on 
the farm, with much higher daily intake of copper, blood values 
remained low and incidence of ‘sw'ayback’ w’as 20 per cent. The 
following year 20 similar ewes were transferred from the same 
farm along with farm hay to ser\'e as roughage in the Wey¬ 
bridge ration. This time the blood copper remained low' and 4 
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‘swayback’ lambs were obtained, an incidence of 20 per cent 
similar to that amongst the controls on the Derbyshire farm in 
the same j-ear. 

There has been much speculation regarding the nature of 
the unknown factor. Lead has been suggested but the available 
evidence is against that view. Many ‘swayback’ pastures are 
quite normal in lead content and observations at Weybridge 
showed that a daily dose of 50 mg. Pb as the acetate to hypo- 
cupraemic ewes did not increase the incidence of ataxia in the 
lambs, nor did a high lead intake produce hypocupraemia in 
normal sheep even when given in quantities ranging from 100 
to 400 mg Pb daily for as long as twelve months. 

Dick and Bull (1945) and Cunningham (1946) suggested that 
a high molybdenum content of the grazing might explain the 
anomaly of a low copper status in ewes and the occurrence of 
neonatal ataxia in lambs on pastures which show normal copper 
content, but our own investigations are not in accord with these 
views and indicate that molybdenum content of pastures in 
Britain bears no relationship to incidence of swayback. Herb¬ 
age samples from farms in Derbyshire where incidence of sway¬ 
back was high showed normal molybdenum values of 0.6 to 1.8 
p.p.m. on dry matter, while on certain farms in the teart area 
of Somerset swayback is unknown on pastures with molybdenum 
contents ranging from 15 to 40 p.p.m. 

Since the unknown factor need not be inorganic, but might 
be an organic compound competing for copper in enzyme systems 
in the same way as 2, 3-dimercaptopropanol (B.A.L.) competes 
for certain metals when used as a detoxicating agent, large daily 
intramuscular injections of this compound were given to six 
normal ewes for periods of four to six weeks before lambing in 
the hope that it might provide a clue to a tjrpe of substance 
capable of depleting tissue copper. This had no effect on the 
copper status of the mothers and all lambs were born normal. 
Concomitant copper balance studies by Burdin (unpublished) 
at Weybridge, on sheep in metabolism cages, showed that daily 
injections of B.A.L. did not in fact deplete tissue copper when 
continued over a period of 4 weeks; blood copper values remained 
normal and liver tissue showed no diminution in copper content. 
A slightly increased urinary elimination of copper occurred over 
the first few days but this was quite transitory and did not affect 
the monthly balance sheet. 

Our present view is that the unknown factor is one affecting 
the copper storage function of the liver, but that it is not molyb¬ 
denum. 

The “enzootic jaundice” of sheep in some parts of Australia, 
where an unknown factor seems to operate in the reverse way, 
causing enormous retention of copper in the liver and sjTnptoms 
of copper poisoning on pastures quite normal in copper content, 
has not been observed in Biutain. In the observations of Bull 
(1949) a high normal copper content in plants (15 p.p.m. or 
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more) associated with a very low molybdenum content (0.1 
p.p.m. or less), giving a very high Cu/Mo ratio, favoured the 
development of an excessively high copper status in sheep. The 
extraordinarily low pasture molybdenum figures given by Bull, 
down to 0.03 p.p.m., have not yet been encountered in Britain. 

True copper poisoning is, of course, well known in sheep 
grazing in English orchards sprayed with cupric insecticides, 
and in this connection it is interesting to note that symptoms 
do not develop for many weeks and may even appear several 
weeks after removal from the contaminated vegetation. Ap¬ 
parently the liver becomes packed with copper and break-down 
of function then occurs quite suddenly. 

Apart from “swayback” other clinical manifestations of “cop¬ 
per deficiency,” either direct or “conditioned,” have not been re¬ 
ported in sheep in Britain, although experiments are now in 
progress on ewes displajdng low copper status in areas in which 
swayback is not prevalent. It is believed that absence of symp¬ 
toms in apparently normal h 3 npocupraemic ewes may be de¬ 
ceptive and that in some cases elevation of copper status would 
be beneficial. 

Cattle 

It was not until 1946 that the occurrence of hypocupraemic 
disorders was established (Allcroft 1946 and Allcroft & Parker 
1949) in cattle in Great Britain although such disorders had 
then been known in sheep for eight years. 

The two dairy farms on which it was first observed are near 
the Shropshire-Cheshire border and are situated entirely on flat 
peat land just below sea-level. The chief clinical features of 
the disorder were chronic diarrhoea and unthriftiness especially 
during the grazing season. Because of the almost constant 
scouring the cows were in poor condition, with rough staring 
coats, and gave low milk yields, but it w’as in young stock between 
weaning and calving that unthriftiness was most marked. These 
animals were severely stunted, so much so that 2-year old 
heifers could be mistaken for 8-10 month old calves. These 
sj'mptoms suggested analogy with “peat scours” of New Zealand 
described by Cunningham (1944). 

Blood samples from both herds showed that copper values 
were very low, figures of 0.01 to 0.04 mg./100 ml. with a mean 
of 0.03 mg. 100 ml. being found. The liver copper value of one 
cow which had been on the farm for 6 years was as low as 5.7 
p.p.m. on a dry matter basis, with a corresponding blood copper 
value of 0.06 mg./100 ml. 

Pasture samples taken from fields on both farms at intervals 
throughout the year gave normal copper values ranging from 
8 to 23 p.p.m. on a dry matter basis with a mean of 14 p.p.m. 
Molybdenum values ranged from 2.3 to 7.4 p.p.m. with a mean 
of 4.4 p.p.m. Although these are slightly higher than the usual 
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normal of 0.5 to 2 p.p.m. found in Great Britain they do not 
approach the “teart” pasture values of 15 to 80 p.p.m. found 
in Somerset by Ferguson, Lewis and Watson (1943). 

Daily administration of 2g. copper sulphate to a group of 
8 cows on the larger of the two affected farms resulted in a 
rapid improvement in clinical condition and milk yield. Blood 
copper values increased to normal levels of 0.07 to 0.09 mg./100 
ml. within two months and were maintained as long as copper 
therapy was continued. In a similar untreated control group 
blood-copper levels remained low throughout an experimental 
period of 18 months, mean monthly values ranging from 0.02 
to 0.05 mg./100 ml. Limited haematological studies indicated 
that there was no anaemia associated with the hypocupraemia. 
All the calves on this farm showed normal blood copper values 
for the first 9 months of their lives, probablj' because they were 
separated from their mothers and fed indoors on calf meal dur¬ 
ing this period, but there was a steady decline to average values 
of 0.04 mg./100 ml. during the next 8 months, associated with 
grazing for longer periods on the peat pastures. 

Transference of two cachectic hypocupraemic 2-year old 
heifers and a stunted 6 month old calf still with normal blood 
copper from the experimental farm in Shropshire to normal 
pasture at the Weybridge laboratory resulted in a marked im¬ 
provement in clinical condition but not in increased blood-copper 
values. With the heifers, low values persisted for 15 months; 
with the calf there was an unexpected decrease to less than one- 
third normal. Change from grazing to winter feeding in stalls 
resulted in a rapid increase in blood copper in all three animals. 
Explanation of the anomalous behaviour of these animals is 
not apparent yet, although it may be related to the original dis¬ 
turbance of liver functions, but the influence of indoor and out¬ 
door conditions is under specific investigation. 

Since these initial observations on “conditioned” copper de¬ 
ficiency in dairy cows in Shropshire, “hypocupraemic” disorders 
of cattle have been observed in various parts of the country and 
their incidence and distribution are at present under investi¬ 
gation. Because of the possible economic importance of a sub¬ 
normal copper status a blood survey of selected herds throughout 
England, Wales and Scotland is being carried out by the Bio¬ 
chemical Department of the Veterinary Laboratory at Wey¬ 
bridge in collaboration with local Veterinary Investigation Of¬ 
ficers, in the hope that hypocupraemia will point the way to 
closer clinical observations and treatment of subnormal con¬ 
ditions. 

During the last 15 months 125 herds in England and Wales 
have been investigated and of these one third showed hypocu¬ 
praemia associated with a variety of clinical conditions, many 
of them readily responsive to copper therapy. The general dis¬ 
tribution of observed affected herds is indicated roughly on the 
provisional map .shown in Fig. 2, but it is believed that extension 
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of the survey will demonstrate a much more uniform geographi¬ 
cal scatter. 

Certain areas in Scotland have been subjected to more in¬ 
tensive investigation and in the county of Caithness over 200 
farms have been surveyed because of the occurrence there of 
a copper deficiency syndrome which so far appears to differ from 
those observed in other parts of Britain. Of the 200 herds in¬ 
vestigated 70 percent were found to be hypocupraemic. In 
Caithness where cattle are chiefly of the beef breed, it is the 
calves which are affected much more than the cows. Details of 
this condition have been described by Jamieson and Allcroft 
(1950) under the name “Copper Pine.” The disorder occurs 
mainly in cross-bred Aberdeen-Angus and in cross-bred High¬ 
land calves. In this country cattle are housed in the winter, calves 
are born during April and May and are then pastured with their 
mothers until the calves are sold in autumn at about 6 months 
old. 

The first ssrmptoms usually appear about a month after turn¬ 
ing out to grass. The calves show a stilted gait, progressive 
Signs of malnutrition follow, and the coat becomes rough, dull 
and discoloured. In some cases there is a definite change of 
colour of the black hair around the eyes to grey so that calves 
have a definite “spectacled” appearance. Diarrhoea is not a 
constant feature and anaemia is not evident. Unthriftiness be¬ 
comes more marked as the animals continue on pasture and after 
about four months the appearance is similar to that shown in 
Fig. 3. In some seasons the condition develops more rapidly 
than in others and death may occur at about 4 to 5 months of 
age. Affected animals which survive and are retained in the 
herd improve under winter conditions of management, but can 
be recognized easily the following year by their subnormal de¬ 
velopment. The typical clinical condition, however, does not 
recur when they are on pasture during their second year and 
general appearance improves in later years. The incidence of 
clinical cases is usually in the region of 25 per cent of the calf 
population grazing affected areas, but varies on different pas¬ 
tures. In some instances practically all the calves become ob¬ 
viously affected. 

Four farms were selected for preliminarj' experimental ob¬ 
servations because of their high incidence of pining in calves. 
Blood copper values for both cows and calves on all four farms 
were low, averaging 0.03 mg./lOO ml. Pasture samples showed 
copper figures ranging from 4.8 to 20.8 p.p.m. on a dry matter 
basis. Apart from the one low figure of 4.8 p.p.m. on a sample 
of herbage from very rough grazing all the other values fell 
within the usual normal range of 7 to 24 p.p.m. reported by 
Eden (19^) for parts of England and Wales. Molybdenum 
values varied from 1.4 to 19.5 p.p.m. on dry matter on samples 
from different fields on the four farms. It should be pointed out 
that the quality of pastures on most farms in (Caithness is good. 
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and that there is no question of the pining condition being as¬ 
sociated with insufficient calories and protein. 

The effect of copper sulphate therapy was observed in animals 
on two farms in which the incidence of pining was high. On one 
a small dose was given once only to two groups of three three- 
month old calves of cross-bred Aberdeen-Angus breed. One 
group received the equivalent of 50 mg. copper intravenously, 
the other of 500 mg. of copper by mouth. A similar group of un¬ 
treated calves served as controls. On the other farm four calves 
and their mothers were each given 5 grammes of copper sulphate 
orally (equivalent to 1,250 mg. of copper) at monthly intervals 
for three months, while a similar untreated group on the same 
pasture served as controls. 

In both experiments blood samples w'ere taken before treat¬ 
ment and subsequently at monthly intervals. At the end of 
four months, when the calves were 6 to 7 months old, two un¬ 
treated control calves and one treated calf from each farm were 
killed for post-morten examination and estimation of copper 
in selected tissues. 

The results showed that when only one small dose of copper 
was given, either orally or intravenously, copper figures for 
blood and tissues were not raised to normal levels, but that clini¬ 
cal symptoms of pine were nevertheless prevented and apparent¬ 
ly normal development continued. Fig 4 shows a calf of similar 
age and breed to that in Fig. 3. Both were kept under identical 
conditions on the same pasture, the only difference being that 
the calf in Fig. 4 received 50 mg. copper intravenously when 3 
months old. The live weight of this calf was 448 lb. as compared 
with 336 lb. for the untreated calf shown in Fig. 3. In spite of 
the prevention of symptoms of pine, all blood copper values 
throughout the experimental period remained low averaging 
only 0.03 mg./100 ml. Liver copper was almost as low in the 
treated calf in Fig. 4 as that in the untreated control calf in 
Fig. 3, the values being 5.6 and 4.2 p.p.m. on dry matter, respec¬ 
tively. In view of the short period of observation, comments on 
these findings are reserved until the results of current investi¬ 
gations are available. 

Where larger supplements of copper were given orally at 
monthly intervals, blood copper values in both calves and cows 
increased throughout the experimental period. Mean values for 
the calves increased from 0.05 to 0.07 mg. 100 ml and those for 
the cows from 0.03 to 0.07 mg. 100 ml. Values for untreated con¬ 
trols fell in a similar manner in both groups. The higher copper 
supplement increased liver copper storage, since a value of 18.9 
p.p.m. on a dry matter basis was found in a treated calf, com¬ 
pared with 5.2 p.p.m. in the liver of an untreated control. Even so, 
a liver value of 18.9 p.p.m. Cu on dry matter is on the low side 
for a calf of seven to eight months of age. Although the exceed¬ 
ingly small single dose of copper actuallj’- prevented pining for 
the short period concerned, it is probable that doses large enough 



234 



Figruie 3.—A 6-month old cross-bred Aberdeen-Angus calf showing 
**coppei pine” aftei grazing on pasture in Carthness for 4 months. 
Live weight, 336 lbs. 



Figure 4.—^A calf of the same age and breed as shown in Figure 8 
and grazed on the same pasture, but received 50 mg. of copper as 
copper sulfate intravenously once only at S months of age. Live weight, 
448 lbs. 
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to maintain normal values in blood and liver would give better 
growth and development rates. 

It is of interest to note that no anaemia has been observed in 
this pining condition in calves. Haematological studies made 
throughout the experimental periods showed that the blood pic¬ 
ture was normal in both untreated ‘pining’ calves and in copper 
treated healthy calves. In this respect as well as others the con¬ 
dition differs from copper deficiency disorders described by Ben¬ 
netts et al (1941) in Australia, Cunningham (1946) in New 
Zealand and Davis et al. (1946) in Florida. 

Repetition of these experimental observ^ations the following 
year gave similar results. Extended biochemical observations 
showed that there was no difference in ascorbic acid content of 
livers and adrenals of ‘pining’ and copper treated calves nor 
was there any increase in inorganic P values of the blood as 
observed by Davis & Hannan (1947). No difference in serum 
albumin and globulin or total serum proteins was observed but 
preliminary results of electrophoretic analysis of serum indicate 
a lower B-globulin content in ‘pining’ calves. 

It has been suggested by analogy that this pining condition 
in calves in Caithness is due to excess molybdenum in the pas¬ 
tures, and it is true that two fields on one farm where the disease 
occurs showed the relatively high molybdenum contents of 19 
and 16 p.p.m. D.M., but it should be emphasized that calves pined 
equally quickly and severely on other fields on the same farm 
where molybdenum values were only 2 to 4 p.p.m., and on ad¬ 
joining farms where molybdenum values were 1 to 5 p.p.m. 

Thus the identical clinical syndrome occurs on pastures of 
widely different molybdenum contents and it does not seem at 
this stage that there is sufficient evidence to indicate that molyb¬ 
denum in these Caithness pastures of normal copper content 
has anything to do with the low copper status of calves and cows. 
It is believed that some other “conditioning factor” is involved. 

To get more information on optimum dosage levels of copper, 
and to find the most economical way of supplying adequate 
amounts of this essential trace element to beef cattle under 
existing methods of husbandry, various treatments have sub¬ 
sequently been tried on several farms (Jamieson & Allcroft 
1960). 

On some farms mineralized cubes supplying copper at the 
rate of 0.3 g. per head per day were fed to cows throughout the 
gestation period. Observations were made on groups of calves 
from treated and untreated mothers, and in some groups extra 
copper was also supplied to the calves. 

On other farms no copper supplements were given to the 
pregnant cows or to the calves but the pastures were top-dressed 
with copper sulphate during March at the rate of 10 lbs per 
acre and subsequently grazed by the cows and calves from Maj’ 
until October. 

The results of these experiments are not all available yet 
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but it is evident that pining in calves can be controlled by giving 
adequate copper supplements to the mothers during the ges¬ 
tation period and by top-dressing the pastures with copper sul¬ 
phate, although it is doubtful if the latter method would control 
the disorder unless the pastures were top-dressed anually. Al¬ 
though clinical symptoms of pining were prevented by these 
two methods of treatment, other results showed that greater 
gains in weight resulted in calves from treated mothers if extra 
copper supplements were also given to the calves themselves. 

There is still much to be learned about hypocupraemic dis¬ 
orders and methods of treatment and in our present state of 
limited knowledge caution must be exercised in the interpretation 
of data. 


Coffee-Molybdenum Relationships 

McCollum et al (1939) showed that the hair of rats on an 
experimental diet deficient in copper becomes depigmented. 
Since depigmentation of hair had been reported in Holland in 
cattle suffering from scouring diseases attributed to copper de¬ 
ficiency, and change of coat colour (not true depigmentation) is 
associated with scouring in the “teart” areas of Somerset, and 
isince both disorders could be prevented and cured by adminis¬ 
tration of copper sulphate, Russell (1944) suggested that this 
might be taken as presumptive evidence of copper deficiency in 
“teart” cattle. She predicated abnormal intake of molybdenum 
as interfering with the utilization of copper, and reviewed the 
literature on “teart” in the light of “conditioned copper de¬ 
ficiency.” The Australian work of Dick and Bull, (1945) re¬ 
corded observations indicating that high molybdenum intake in 
a diet reduced the storage of copper in the livers of cattle and 
sheep, and brought copper-molybdenum relationships into prom¬ 
inence, and Cunningham in New Zealand (1946) suggested that 
“peat scours” may be the result of a small excess of molybdenum 
in the pastures superimposed on a moderate deficiency' of copper. 
Later Cunningham (1949) confirmed the observations of Dick 
and Bull and shoTved that a high intake of molybdenum over 
a prolonged period did reduce liver copper storage; also that it 
reduced blood copper levels in bovines. This effect of molybdenum 
on copper storage w'as confirmed later in the same year by Comar 
et al (1949). Recent results obtained at Weybridge on the ef¬ 
fects of prolonged high molybdenum intake on bovines whose 
copper status T,vas normal before molybdenum administration 
\yas commenced, are in line with these observations and reduced 
liver copper storage has been found but they differ from Cun¬ 
ningham’s observations (1949) in that there has been no con¬ 
comitant decrease in blood copper levels over experimental per¬ 
iods of six to eighteen months. Liver copper values obtained from 
biopsy samples showed a considerable diminution, while blood 
copper remained practically constant. It is of interest, however. 
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that when similar amounts of molybdenum were given to young 
bovines of initial low copper status brought in from Caithness 
(liver values 6 to 11 p.p.m.) instead of a reduction there was an 
increase in liver copper storage associated with an increase in 
blood copper levels. This latter experiment has been running 
for only six months and it is too early to say what the final effect 
will be but these preliminary observations are in line with 
those obtained at Weybridge in 1948 on sheep of low copper 
status brought in from Derbyshire. In this experiment six 
hypocupraemic ewes were transferred from a “swayback” farm 
to stalls at the laboratory. Two were retained as controls and 
sodium molybdate administered to four over a period of 15 
months in daily doses raised each quarter on the scale 14, 56,112, 
224 mg. Mo. In the later stages blood molybdenum values were 
running at 100 times normal. Despite this, blood copper levels 
rose rapidly, from the low average of 0.025 mg./lOO ml. to a 
normal of 0.085 mg. during the first quarter, continued to rise 
and remained about 0.10 to 0.12 mg./100 ml. in the later stages. 
This is illustrated in the graph of Fig. 5. At the conclusion of 
the experiment liver tissue had reached a mean value of 528 
p.p.m. on dry matter, as compared with 512 p.p.m. for one of 
the control sheep and a calculated initial value of about 15 p.p.m. 
(found in similar sheep on the same “swayback” farm). All 
six sheep improved in weight on the liberal stall ration, which 
had an estimated copper content of about 8 p.p.m. on dry matter, 
and remained in excellent condition throughout with no sign of 
scouring. In this experiment high intake of molybdenum not 
only failed to maintain the initial low copper status of the sheep 
but permitted rise of both blood and liver values to normal levels. 

It is difficult at this stage to offer an adequate explanation for 
the conflicting effect of a high molybdenum intake associated 
with normal dietary copper, on liver copper storage in animals 
of initial normal and of initial low copper status but for the 
moment two factors may be predicated, (a) molybdenum, which 
may function as a normal regulating factor in liver copper stor¬ 
age and (b) another even more powerful unknown factor which 
is the operative one in the Derbyshire “swayback” area, where 
molybdenum content of pastures is normal, and in the Caithness 
area where “copper pine of calves” is apparently independent 
of molybdenum intake. In (b) the primary cause of low copper 
status is not molybdenum and hence mere removal of that cause 
permits the. copper status to return towards normal despite 
molybdenum* subsequently superimposed. 

Since no observations on the copper status of animals in the 
“teart” area of Somerset were reported by Ferguson, Lewis and 
Watson (1943) a series of investigations was undertaken by 
the Biochemistry Department at Weybridge in 1947. Blood sam¬ 
ples were obtained from cattle which had not had prophylactic 
copper supplements (“anti-teart” cake) on “teart” farms were 
generally found to show low blood copper but “hypocupraemic 
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scours” ■was also prevalent outside the actual “teart” area, and 
even within it some farms -were found with high pasture molyb¬ 
denum but iMth blood copper values above those on adjacent 
low molybdenum pastures. No clear relationship between blood 
copper and blood molybdenum could be discerned. Pasture cop¬ 
per on all farms investigated was normal or even high. 
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Figuie 0 —Giaph illustrating mciease in blood copper levels of hypocu- 
piaemic sheep on a high molybdenum intake over a peiiod of 15 months 
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Six normal heifers sent from Weybridge to a “teart” farm 
in Somerset, of pasture molybdenum ranging from 16 to 40 
p.p.m., commenced scouring in one to t'wo weeks and were left 
to scour continuously for a further four ueeks, during which 
time no consistent change in blood copper occurred, despite 
elevation of blood molybdenum. At this point three of them were 
intravenously injected once only with 300 mg. Cu. as sulphate. 
Scouring was immediately arrested and did not return for four 
weeks. In the fourth the scouring was controlled for a similar 
period by the usual daily oral administration of 2 g. copper sul¬ 
phate. The remaining two served as controls and continued scour¬ 
ing for six weeks until the pasture became “non-teart” after 
frosts. Appreciable fall in blood copper ensued in these two, but 
it is believed that this could have happened ■with equal probability 
on a similar Somerset pasture of the non-molybdeniferous type 
on which “hypocupraemic scours” occurs. Observations on these 
six heifers has been continued over a further t'wo “teart” sea¬ 
sons (spring and autumn). Scouring in four of them •was again 
controlled by intravenous injection of 300 mg. Cu as sulphate. 
During the 18 months that these animals have been on the farm 
four of them have had 300 mg. Cu intravenously on three occa¬ 
sions at approximately 6 monthly intervals. The two controls 
have been left untreated. There is now’ a marked diiference in 
the clinical condition betw’een treated and untreated animals. 
The controls show the usual unthrifty appearance of “teart” 
animals and their blood copper values have remained betw’een 
0.03 and 0.05 mg./lOO ml. for about 12 months. Blood copper 
values of the injected animals averaged 0.075 mg. 100 ml. over 
the same period and their clinical condition w’as much better than 
the two controls although insuificient copper had been given 
to maintain them in first-class condition. 

As for sheep, blood copper levels in a fiock of 40 ewes brought 
in from another area on to the same “teart” farm did not show’ 
similar diminution of copper over the same period. Average 
blood copper figures were still normal at 0.095 mg. 100 ml., 
after they had been on the farm for three months, although 
molybdenum values were elevated to 0.082 mg. 100 as compared 
with a common normal of 0.005 mg. Six months later average 
copper and molybdenum values W'ere 0.089 and 0.098 mg. 100 
ml. respectively and a year later copper figures had not fallen 
below 0.075 mg./100 ml. in spite of elevated blood moij’bdenum. 
Tw'enty sheep w’hich had been on another farm w’ith pastures 
of high molybdenum content for three years showed mean blood 
copper and molybdenum levels of 0.07 and 0.06 mg. 100 ml. re¬ 
spectively. No cases of sw’ayback have been observed on any 
"teart” farms at all, so far as can be ascertained, and certainly 
none have occurred during the last three years when farms run¬ 
ning sheep have been under our own observation. 

The contrast between occurrence of “sw’ayback,” with very 
low’ blood copper levels, on the Derbyshire pastures of low’ molyb- 
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denum content, and the non-occurrence of the disease associated 
with much higher copper levels on the Somerset pastures of high 
molybdenum content, is very striking. Obviously the factor in¬ 
ducing low copper status in ewes and demyelination in lambs in 
Britain is distinct from molybdenum and operates more quickly. 
High molybdenum per se in pastures not only fails to induce 
“swayback” but fails to induce hypocupraemia in sheep to any¬ 
thing like the extent it does in cattle. 

Experiments on stalled cattle at Weybridge in 1948 showed 
that daily administration of a few grams (2.3 to 6.9) of sodium 
molybdate produced scouring even on winter rations in 16 to 
24 days but some animals were more resistant and did not scour 
even after six weeks although there was marked loss of con¬ 
dition. Depression of blood copper did not occur and in each of 
the eight experimental animals there was an increase over 
this period, from a mean of 0.07 mg./100 ml. to a mean of 0.104 
mg./lOO ml. despite enormous elevation of blood molybdenum 
(40 to 200 times). Heifers placed on Weybridge pasture with 
a copper content of 11 p.p.m. D.M. dressed with molybdate to 
elevate it to 40 to 60 p.p.m. Mo D.M., scoured severely in live 
days without significant change of blood copper level but with 
greatly raised molybdenum level. Injection of 600 mg. Mo as 
sodium molybdate intravenously on three successive days failed 
to produce scouring or alteration of blood copper in two cows. 
No liver biopsy samples were taken during these observations to 
check its effect on liver copper storage, but recent experiments 
on three heifers placed on the molybdenised Weybridge pasture 
indicate that there was an appreciable fall in liver copper values 
with onset of scouring in 11 days, although there was no fall in 
blood copper. These preliminary observations require confirm¬ 
ation and, doubtless, some ingenuity in interpretation. 

The scouring induced by molybdate administration in stalls 
or on molybdenised Weybridge pasture could be controlled by 
oral administration of copper at the usual daily rate, either as 
the sulphate, carbonate or acetate, but it was observed that 
single intravenous injections of smaller amounts were more 
effective. As little as 100 mg. Cu controlled scouring in young 
animals for several weeks despite continued ingestion of molyb¬ 
date. This effect of intravenous copper therapy does not support 
the theory for copper-molybdenum action suggested by Mc¬ 
Gowan, Brian and Blaschko (1947) without confirmation by 
experimental work, but is in line with the observations of Davis 
and Kidder (1949) to the effect that symptoms of molybdenosis 
are probably not caused simply by uncontrolled bacterial activity 
in the gastro-intestinal tract. 

Nevertheless the “scouring” of “molybdenosis” seems pri¬ 
marily due to disturbance within the alimentarj’^ tract, and not 
to molybdenum circulating in the blood stream. The function 
of copper, administered per os or intravenously, in controlling 
diarrhoea as such, is under further investigation. Diarrhoea 
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occasioned by some forms of bacterial infection can be similarly 
controlled. 


Fluorine 

Although fluorine occurs in appreciable quantities in bones 
and teeth it is not regarded as an essential micro-nutrient and 
until recently it was considered entirely harmful and only un- 
avoidablely present in animal tissues. Traces are now regarded 
as useful in protecting against dental caries and. for human 
beings, water supplies containing up to 0.5 p.p.m. are regarded as 
beneficial although levels exceeding 2 p.p.m. are definitely harm¬ 
ful. Its significance in animal health only arises when larger 
amounts are ingested, and this usually occurs by contamination 
rather than by the presence of abnormally large amounts of 
fluorine in vegetation, the content of which remains low even 
when growing on soils very high in the element. The “Oxford 
Clay” soils containing about 400 p.p.m. of fluorine only show 
pasture values of 4 to 7 p.p.m. 

Spontaneous fluorosis is found in many parts of the world, 
the most notable diseases being the “darmous” of the rock phos¬ 
phate areas of Morocco and Tunis and the “gaddur” of the 
volcanic soils in Iceland. It is the natural water supply which 
is generally at fault. Darmous is particularly common in sheep, 
which may die of malnutrition caused by wearing down of the 
incisors and dystrophy of all the permanent teeth. 

The use of ground rock phosphate as mineral supplement 
for cows has occasioned severe fluorine cachexia accompanied 
b}" reduced milk yield, lameness, exostoses on long bones and man¬ 
dibles, hypoplasia of dental enamel, and other changes. Use as 
fertilizer is of course quite safe. 

The most serious outbreaks of fluorosis in Britain have been 
of industrial origin, and caused by surface contamination of pas¬ 
tures in the direction of the prevailing winds from large factories 
emitting fluorine compounds. Since the extent of “industrial 
fluorosis” in grazing animals is now’ known to be far greater than 
formerly believed, it may be of interest to mention a few out¬ 
breaks w’hich have been investigated over the last 12 years by 
the Weybridge laboratory in co-operation with local veterinar¬ 
ians. The data up to the year 1946 have been published by Blake- 
more, Bosw’orth and Green (1948) but a brief recapitulation may 
be presented here. 

Shortlj’ before the war serious lameness of dairy cows came 
under investigation in the vicinity of large brick factories in 
Bedfordshire, and clinical examination by the local veterinary 
investigator suggested the fluorosis described in Italy in 1912 
in association with a superphosphate factory. This diagnosis 
w’as quickly confirmed by pathological and biochemical examina¬ 
tion of bones of affected animals. Enormous values for fluorine 
w’ere found, 1.0 to 2.7 per cent expressed on the “bone ash,” as 
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compared with 0.05 to 0.08 percent for normal cattle in other 
areas. During life affected animals excreted up to 68 p.p.m. in 
the urine as compared with less than 5 p.p.m. for normal cattle 
or less than 10 p.p.m. for cattle several miles away from the 
nearest factory chimneys. Analysis of samples of urine, as well 
as of pasture grass and hay, served to construct a map of the 
affected area. This was found to stretch for about 5 miles along 
a chain of factories, clinical cases being most severe within a 
mile of each set of chimneys. Where pasture contamination ex¬ 
ceeded 25 p.p.m. on the dry matter severe skeletal changes oc¬ 
curred, provided exposure to risk was long enough. At lower 
levels of contamination, about 14 p.p.m., milder cases occurred, 
evidenced by mottling of the teeth. 

The origin of the fluorine was found to be the self-burning 
clay used for brick making, which contained 500 p.p.m. of fluorine 
and 10 per cent of oi'ganic matter. It is the presence of this 
organic matter which makes the clay so valuable, renders the 
bricks self-burning, economises in fuel, and improves the texture 
of the bricks by ensuring even incineration. Each large chimney 
serves a series of brick chambers at various temperatures, the 
gases from the hotter chambers serving to dry the wet bricks in 
the cooler chambers and finally bring them to ignition point, 
after which they finish at a bright red heat of their own accord. 
At intermediate temperatures a small amount of oil is formed by 
destructive distillation and at the highest temperatures silicon 
flouride is given off. The mixed effluents react in the chimney to 
form an aqueous oily mist together with gaseous products. Both 
contain fluorine compounds but only the oily mist particles are 
heavy enough to be carried down on to the pastures within a mile 
of the chimneys. These settle on the grass, or are caught by hay, 
as a dusty oily film, and account for the ingestion of fluorine by 
the cattle. Hay close to the factories may reach a fluorine level 
of 100 p.p.m. The contamination is entirely on the surface of 
the grass. Any fluorine compounds washed into the soil by rain 
are fixed there in insoluble form and do not enter by the plant 
roots. Hence the leaves of ‘'root crops” are high in fluorine while 
the fleshy parts are normal. 

Enquiry showed that mild fluorosis must have existed in the 
area for many years but remained undiagnosed until the ex¬ 
pansion of the local brick industry reached a point at which gross 
contamination of the pasture caused skeletal exostoses and actual 
lameness in the grazing dairy cows on neighboring farms. 

Soon after this, fluorosis in cattle and sheep was investigated 
in Scotland in connection with the large aluminum factories at 
Fort William. In this case the origin of the fluorine was the 
cryolite used as flux in the electrolytic process. Because of the 
peculiar drift of slow winds in hilly country, contamination of 
pastures was obser\’’ed for several miles from the factories, al¬ 
though severity of lesions in animals was not so great as in Bed- 
forshire. The factories are now under reconstruction, with re- 
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placement of old furnaces by more modern types fitted with 
“scrubbers” to prevent atmospheric pollution. 

About 1945 a third type of industrial fluorosis came under 
observation in England in the vicinity of open-air calcining of 
iron-stone. 

The local process consists in mixing the damp iron-stone with 
about 7 per cent of coal, and heaping the mixture into ridges 
running round the section from which the ore is being lifted. 
The ridge is then ignited, further layers of coal and ore being 
added until a height of about 40 feet is reached. The calcining 
takes about six weeks to complete and the whole discharge of 
smoke is concentrated at one point in the direction of the pre¬ 
vailing winds for a relatively short time, but during this period 
contamination of adjoining pasture may be very high and persist 
indefinitely in harvested hay crops. The exterior of a hay-stack 
half a mile from a burning ridge showed 490 p.p.m. of fluorine 
in the exterior layer and 70 p.p.m. at a depth of 2 feet. The object 
of the calcining is to reduce the weight of the ore and transport 
costs, and to render it physically suitable for the blast furnaces 
at smelting centres. The fluorine content of the fresh ore is 
about 0.12 per cent and of the calcined ore about 0.03 percent, so 
that three-quarters of the fluorine compounds pass off in the 
smoke, the particles of which serve as “vehicle” carrying the 
contamination on to pastures for a distance of about a mile in 
the direction of the wind. 

Yet another outbreak of fluorosis in cattle was encountered 
in the neighborhood of a colour and enamel factory, and at the 
present moment several outbreaks are being investigated, both 
in England and Scotland, in the vicinity of large steel works 
which use sodium fluoride as flux in the “open hearth” process. 

The problem of control of industrial fluorosis can be solved 
in two ways, one by fitting appliances for trapping the gases and 
preventing atmospheric pollution; the other by conducting agri¬ 
cultural operations ■with the kno'wn “fluorine hazard” in view 
e.g. by cultivation of root crops and limiting use of pasturage to 
short periods of time. Store cattle can usually be fattened on 
contaminated pasture for a few months but dairy cattle cannot 
be maintained on affected farms all the year round. 

The sequence of events with fresh animals brought on to 
badly contaminated pasture or hay may be sketched as follows: 
(1) fluorine is absorbed into the blood stream in amounts de¬ 
pending on the degree of contamination (2) most of this is 
eliminated in the urine, quickly leading to high “ingestion val¬ 
ues,” quite commonly 25-70 p.p.m., (3) portion of the circulat¬ 
ing fluorine is slowly fixed in the bones, which in the course of 
six to twelve months may reach values sufficiently high to be 
reflected as skeletal exostoses and clinical lameness (circa 10,000 
p.p.m. on the “bone ash,” Fig. 6 shows typical exostoses on 
the hind limb of a cow), (4) on removal from the source of con¬ 
tamination and feeding on normal rations the urine values rapid- 
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Figure 6.—Bones of the lower limb 
of a cow showing extensive exosto¬ 
ses. Fluorine content of the exos¬ 
toses was 13,000 p.p.m. on the bone 
ash. 
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ly fall, but remain considerably above normal (circa 12-15 
p.p.m.) for a very long time because of slow removal of stored 
fluorine from the skeleton in the ordinary course of slow recon¬ 
struction of fresh bone; urine values at any given moment are a 
balance between “current ingestion level” and “skeletal change 
value”; the urine figures at pasture tend to reflect the current 
fluorine level of ingested food; a week after transfer to normal 
rations urine values tend to reflect storage levels and hence the 
degree of fluorosis, (5) adult animals show no symptoms for 
many months, and if the contamination is small may not show 
symptoms for several years, (6) young animals reflect ingestion 
of small amounts of fluorine by “mottling” of the growing teeth, 
and degree of contamination of pastures may be such that only 
young animals reveal it in clinically recognisable forms; the 
first signs of “clinical fluorosis” should be looked for in the grow¬ 
ing teeth of young animals or in slight lameness and cachexia 
of adult animals. 

The easiest method of diagnosis of “incipient fluorosis” is 
by analysis of the urine of suspected clinical cases, or of ap¬ 
parently healthy grazing animals in suspected districts. Any 
value below 5 p.p.m. is normal. Any value above 10 p.p.m. in 
urine is suspicious, and when values exceed 20 p.p.m. a survey of 
the district for source of industrial contamination is imperative, 
since legal claims by farmers for compensation may assume 
serious proportions. 

A word of warning should be inserted, however, regarding 
interpretation of analytical data in relation to legal claims, which 
are only legitimate in relation to actual economic loss. Urine 
values reflecting current ingestion may be temporarily high with¬ 
out serious clinical effects. Pasture values are often erratic and 
short grass behind long grass may be protected. Clinical exami¬ 
nation, particularly for dental changes in calves and lameness 
in cows, is the best guide to severity of fluorosis. It is only when 
teeth are so badly affected as to interfere with mastication, and 
skeletal changes so advanced as to cause discomfort, that milk 
jleld is seriously interfered with. 
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TRACE MINERALS IN NEW ZEALAND 


1. J. Cunningham” 

The agricultural industry of New Zealand has developed 
chiefly around the production from animals of commodities which 
can be exported and sold on overseas markets. Such a develop¬ 
ment has been encouraged by a favourable climate with no great 
extremes of temperature and with a well distributed rainfall, 
while a small population and restricted availability of labour have 
dictated that the highest return must accrue from minimal la¬ 
bour output. The system of farming evolved to meet these cir¬ 
cumstances is one in which grazing animals convert permanent 
pastures, and occasionally other crops, into meat, wool and milk 
or milk products. The almost entire dependence on pasture for 
stock food means that each farm is self supporting for its fodder 
supply, and the high productivity of the land and high carrying 
capacity has led to the farm unit being relatively small. In con¬ 
sequence New Zealand’s stock population can be regarded as 
made up of many groups of animals, each dependent for its nu¬ 
trition on food produced within the limits of a small area. 

Such conditions offer the maximum opportunity for the de¬ 
velopment of deficiency disease symptoms in farm animals, 
should the soils be lacking in any of the essential mineral ele¬ 
ments. In certain areas cobalt, copper or iodine has been found 
deficient to a degree that stock disease results; in some areas 
there is a dual deficiency of copper and cobalt; and in others there 
is a copper deficiency accompanied by an excess of molybdenum, 
which aggravates the deficiency of copper in animals and causes 
additional disease symptoms. In yet other areas sheep are sus¬ 
ceptible to a disease the symptoms of which resemble copper 
poisoning, though excess copper does not occur in the fodder or 
soil. A low content of fluorine in New Zealand river w’aters has 
been observed and, though no ssroptoms in animals have been 
associated with this, the possible significance as a cause of dental 
caries in humans is under study. 

Trace mineral deficiencies different from those known to 
affect animals have been observed in the plant world. Molyb¬ 
denum deficiency occurs in cauliflowers and in clovers, and boron 
deficiency affects both fruit trees and turnips. The possible in¬ 
fluence that cultural and fertilizing practice may have in hasten¬ 
ing or inducing a trace element deficiency in threshold soils has 
been noted by the effects and lesions produced in some crop 
plants. This is referred to in connection vith boron deficiency 
where the heavy use of lime may be a precipitating factor. 

Details of the deficiencies mentioned above are discussed be¬ 
low in separate sections. 

-Dr. Cunningham (B.V.Sc., M.Sc., Ph.D.) is Superintendent, Animal 

Research Station, Department of Agi’iculture, Wallaceville, New Zealand. 
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Cobalt Deficiency. 

Cobalt deficiency disease in New Zealand has been known as 
“bush sickness,” “Mairoa dopiness” and “Morton Mains disease,” 
all of which were local names applied to a progressive anaemia 
and wasting which occurred in cattle and sheep grazed in the 
deficient area. Bush sickness was first called “bush disease” by 
Park (1) in 1897 because it was thought that the disease was 
a legacy from the heavy bush that had covered the land before it 
was developed into pasture land; the name was changed to “bush 
sickness’ by Reakes in 1912 (2) in an attempt to avoid this mis¬ 
conception since by that time it was realised that the disease 
could occur on soils which had never carried bush. The term bush 
sickness is now used as a local popular name for cobalt de¬ 
ficiency disease in cattle and sheep in the Nelson district of the 
South Island and in the North Island except for the Maiora 
district. “Maiora dopiness” refers to a similar wasting disease 
of sheep in the Maiora district of the North Island though in 
this case as an additional symptom of the disease the bones have 
been described as light and very fragile (S), (4). “Morton Mains 
^sease” is the local name for a rather less severe deficiency of 
cobalt which affects chiefly young lambs in parts of the South¬ 
land district of the South Island (5). 

Investigation into bush sickness in New Zealand commenced 
about the turn of the present century and attention was fo- 



Figure 1.—Cobalt deficient hill land in New Zealand receiving treat¬ 
ment with this element by dusting from the air. 
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cussed on the most prominent symptom, a progressive anaemia. 
This suggested to Park in 1898 (6), and to Aston in 1912 (7) 
that the provision of iron might be beneficial to the stock. Aston 
developed the iron deficiency hj-pothesis over a number of years 
(8), finding less iron in sick pastures than in healthy pastures 
and eventually effecting cure and prevention of bush sickness by 
feeding iron compounds, the most successful of which was limon- 
ite mined in New Zealand (9). Though there was a large mea¬ 
sure of success following the generalized use of limonite there 
were, nevertheless, some disappointments since not all limonites 
were equally effective and some proved useless (10). An ade¬ 
quate explanation of the variation in the efliciencs’^ of limonites 
due to variation in their cobalt content was forthcoming after 
the Australian workers Filmer and Underwood (11) had shown 
that a cobalt impurity in the limonite was the effective fraction 
in curing a similar disease named Enzootic Marasmus and af¬ 
fecting cattle and sheep in Western Australia. The application 
of the results of Australian work to New Zealand showed that 
the three diseases referred to above all sdelded to treatment by 
cobalt. The development of sensitive chemical methods in New 
Zealand enabled it to be shown that in cobalt deficiency areas 
the soil (12), (13), the pasture (14) and the animal (15) all 
contain less cobalt than similar samples from healthy areas. Mc- 
Naught (15) has worked out the limits of the contents of cobalt 
in pastures and in animal livers which are indicative of cobalt 



Fiprure 2.—^“Bushsickness” in a young cow induced by cobalt de¬ 
ficiency in the soil and the forage growing on it prior to treatment. 
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deficiency, and this basis is now regularly enaployed as a diag¬ 
nostic procedure for cases of suspected cobalt deficiency. For 
sheep three months and older, concentrations of below 0.06 parts 
per million cobalt in the liver indicate deficiency and above 0.1 
parts per million, sufficiency; for yearling and mature cattle 
the level indicating deficiencj’’ is 0.05 parts per million and for 
sufficiency, 0.12 parts per million or higher. Pastures which con¬ 
tain less than 0.07 parts per million cobalt are regarded as 
deficient. 

A-ffected soils. 

The affected soils of the North Island are coarse pumice 
types derived from the Taupo and Kaharoa ash showers and 
heavily leached parts of the Mairoa ash shower. This informa¬ 
tion permits of mapping in broad terms the distribution of pos¬ 
sible cobalt deficiency areas in the central part of the North 
Island, and this system of mapping on soil type agrees well with 
the occurrence of clinical s 5 nnptoms in the animal population. 

In the South Island and Nelson soils are for the most part 
of granitic origin and the Morton Mains soils are derived from 
glacial rock-flour or loess. 

The most significant feature of the cobalt deficient soils is 
their coarse structure and ready leaching character. 

Another feature is the capacity of many of the cobalt de¬ 
ficient soils, when suitably fertilized with superphosphate, to 
grow quantities of pasture of good quality apart from the low 
content of cobalt. The low cobalt content in soil has no limiting 
effect on pasture production. 

The value to be derived from modern methods of soil classi¬ 
fication in the delineation of possible areas of deficiency has been 
demonstrated by Taylor (16) and Grange and Taylor (17). 
Taylor’s (18) most recent work classifies soils on a genetic 
basis which shows the inter-relationships of the various soil 
t 3 T)es. The latter are gi'ouped in suites derived from various 
parent materials, and within the suite they are arranged in 
sequence expressing increasing stages of leaching, podzolization, 
gleying, or other soil process. By a study of the parent material 
and of its descendants it is possible to determine whether the 
soil is inherently deficient in any mineral and, if it is not, whether 
and at what stage of processing a deficiency shows up. An in¬ 
herited deficiency is found in the intrazonal soil group known 
as Yellow Brown Pumice Loams where the parent material is 
a rhj'olji;ic pumice very low in cobalt bearing minerals. In other 
cases, cobalt deficiency occurs only in the more leached tj’pes in 
certain soil suites, where the loss by leaching is in excess of the 
replenishment from weathering of soil minerals. 

Control. 

The control of cobalt deficiency disease in New Zealand has 
been successfully achieved by the provision of cobalt direct to 
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the animal and more generally by the practice of topdressing the 
pasture annually, at a rate of 5 oz. per acre, with cobalt sulphate, 
usually mixed commercially with superphosphate to form co- 
baltized superphosphate (19). 

Though the modern concept of cobalt action is turning from 
a direct eifect of cobalt to the belief that its effect is indirect 
and possibly obtained through its action on ruminant micro¬ 
organisms, it is nevertheless still true that the practical method 
of controlling cobalt deficiency disease is to provide cobalt to 
the stock. 

This has presented problems to New Zealand farming in¬ 
dustry since some of the deficient country is not accessible to 
farm machinery and some is even too rugged and costa are too 
high for annual topdressing by hand. Attention has therefore 
been paid to the length of time over which a single topdressing 
may remain effective. While 5 oz. cobalt sulphate per acre will 
keep stock healthy if applied each year it has been found that 
20 oz. per acre has maintained pasture levels of cobalt and the 
health of grazing stock at a normal level for a period of at least 
7 years (20). This work was carried out on fiat countrj' and 
now is being repeated on steep country (21) on \vhich the wash¬ 
ing action of rain on the cobalt may be different. The results 
obtained up to the present time show’ that on very steep and 
hilly country which was topdressed years ago with 20 oz. 
per acre the effect of the single topdressing still persists and 
the pasture is normal in cobalt content. Obviously the acquisi¬ 
tion of further information on this aspect is of the utmost impor¬ 
tance for land on which the topdressing costs are high. 

Technique of distribution over rough country has also been 
under examination and it has been shown that the use of air¬ 
craft is economic and feasible (22). Spreading cobalt on hill 
pastures through the faeces of sheep drenched with high levels 
of cobalt is, how’ever, not practicable, since sheep will not toler¬ 
ate a sufficiently high dose of cobalt to make this method feasible 
(23). 

A problem of some significance in parts of New Zealand is 
the effect of a near deficiency or borderline case of cobalt de¬ 
ficiency. Not infrequently the chemical examination of speci¬ 
mens from animals showing some symptoms of unthriftiness 
gives inconclusive results; the cobalt content is neither low’ nor 
normal but is between the two. Further, it is claimed by some 
farmers on areas on w’hich the classical symptoms of cobalt de¬ 
ficiency do not occur that the provision of cobalt nevertheless 
results in better grow’th and Wgher w’eaning weights of fat 
lambs. If cobalt acts, as recent work suggests (24), (25), (26), 
(27), through growth of ruminant micro-organisms which in 
turn elaborate a growth factor for the ruminant, then it is not 
impossible on theoretical grounds that such a borderline de¬ 
ficiency may exist. A partial deficiency^ of the grow’th factor 
would be analagous to subclinical deficiencies of some of the 
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Fiftuic* —Cobalt delicunt hill land that has been tioated and now caiiies quite a heavy concentia- 
tion of stock thioufth the noiinal Riazmg season. 
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growth promoting vitamins. Some work in this connection is at 
present being carried out. 

The diagnosis of cobalt deficiency disease might at first 
appear simple; it involves the collection of livers or pasture 
samples, the chemical analysis for cobalt and the interpretation 
of the results. However, no one of these three operations is 
without its difficulties. Pasture samples must not be contami¬ 
nated with soil otherwise results may be misleading; and livers 
from new born animals, w’hich are more readily available than 
adult livers, are not reliable as an index of cobalt status. If 
some other tissue such as blood, which could be obtained readily 
and without slaughter of the adult animal, could be relied upon 
for accurate diagnosis, then the problem of collecting suitable 
samples w'ould be greatly simplified. The examination need not 
necessarily be for cobalt; it might be for some product of co¬ 
balt metabolism. The chemical methods at present in use for 
cobalt are accurate and a great credit to their authors; the 
methods are nevertheless complex and time-consuming to the 
point that a real practical problem is presented in carrying out 
any work involving large numbers of cobalt analyses. A rapid, 
simple and accurate chemical method for cobalt determination 
is urgently needed. Interpretation presents no problem when co¬ 
balt contents found for livers or pastures are verj’ low or are 
normal, and no cases have been experienced in w'hich a low 
liver cobalt means anything but cobalt deficiency in the diet; the 
borderline intermediate value w'hich presents the difficult has 
been mentioned above. 

Copper Deficiency. 

The existence of a deficiency of copper in New* Zealand w’as 
first recognized, comparatively recently (28), as one cause of 
a disease in cattle kept on land reclaimed from peat swamps. 
It is now known that practically all of the 400,000 acres of peat 
deposits in New' Zealand are copper deficient and that on most 
of the 250,000 acres of such land developed and used for farm¬ 
ing, copper supplements must be supplied to keep stock healthy. 
The peat soils occur in areas which vary in size from many 
thousands to a few' hundred acres; the larger areas are located 
in the central part of the North Island and smaller areas at ir¬ 
regular points from the far north of the North Island to the 
extreme south of the South Island. Most of the deficient peat 
soils are highly organic, some are mixtures of peat and sand, 
and others are mixtures of peat and pumice. In some of the 
peat-pumice mixtures a dual deficiency of copper and cobalt has 
been found to exist. 

Copper deficiency occurs also in leached consolidated coastal 
sands, on leached sandy soils such as the sandy gum lands, and 
on other porous soils. The area of copper deficient soils of this 
nature so far mapped is about half a million acres. The total 



Figure 4.—Geneial view of copper-deficient, peat land in New Zealand. 


area affected by copper deficiency in New Zealand therefore ap¬ 
proaches three-quarters of a million acres. The degree of de¬ 
ficiency of copper, judged by the copper content of the herbage, 
is not the same in different areas. Two levels of deficiency have 
been found; one a moderate deficiency, the other more severe. 
Most of the peat soils produce moderately deficient pastures 
which contain about 7 parts per million of copper. On the other 
hand, small areas of peat and most of the leached soils grow 
more severely deficient pastures which contain about 3 parts 
per million copper. These values should be compared with the 
mean for normal pastures in New Zealand, which is 11 p.p.m. 
of copper. 

Disease in Animals. 

In so far as animal disease is concerned, copper deficiency is 
not the full storj'. The moderately deficient pastures have, be¬ 
side their deficiency of copper, a small excess of molybdenum 
which interferes with the metabolism of copper by grazing ani¬ 
mals and aggravates the symptoms of disease in cattle. Such 
areas are regarded as Complicated Copper Deficiejiey Areas. 
On present evidence the more severely deficient areas have no 
such complication and are regarded as Simple Copper Deficiency 
Areas. 

Cattle and sheep kept on deficient areas for any considerable 
length of time become severely depleted in copper and the degree 
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of depletion is similar despite the different copper intake from 
pastures of the two types of deficiency. 

Two distinguishable diseases of cattle occur, one always on 
complicated deficiency areas, the other on simple deficiency 
areas. The symptoms of the complicated deficiency disease are 
poor growth and susceptibilitj’- to bone fractures in young ani¬ 
mals, and in animals of all ages unthriftiness, anaemia, loss of 
coat colour and an acute debilitating scouring in the spring 
season when pastures are lush. Symptoms of the simple de¬ 
ficiency disease are similar except that the characteristic sea¬ 
sonal scouring does not occur. In addition, some young calves 
develop an ataxia associated with regional demyelination of the 
nervous system. 

There is no differentiation in the reaction of sheep to the 
two tjrpes of copper deficiency. Adult sheep are healthy though 
depletion of their copper reserves may be very severe. Sjunp- 
toms of disease first develop only in the very young animals 
which may be affected by an acute osteoporosis or by a perma¬ 
nent ataxia. Ataxia occurs in lambs of from 3 w'eeks to 4 months 
of age whose mothers have been on copper deficient pastures 
for periods of 2 to 8 years or more; osteoporosis occurs in lambs 
whose mothers have been exposed to a copper deficiency for 
shorter periods. 

No disease has been observed in horses on copper deficient 
areas. This may be due, in part, to the use as supplementary 
fodder of chaff and oats imported from other areas. 

Pigs are reported to suffer from unthriftiness and ataxia 
but no work has been carried out on this species. 

Molybdemtm and Copper. 

So close an association exists between copper and molybdenum 
in animal metabolism that it is necessary to consider both ele¬ 
ments when any disease associated with either one is discussed. 
Dick and Bull (29) showed that increased molybdenum intake 
will louver the liver stores of copper in cattle and sheep on a 
normal diet of copper. This has been confirmed for both species. 
It has been found also that transmission of copper from the ewe 
to the foetal lamb is greatly reduced by feeding molybdenum to 
the ew’e. The relative amount of copper and molybdenum in the 
diet determines the effect of molybdenum. In the sheep, for 
example, if copper in the diet is relatively high, molybdenum 
feeding does not retard storage of copper in the liver. Storage 
of molybdenum in the liver is also influenced by the level of cop¬ 
per in the diet. If sheep or cattle with low copper in the diet 
are fed molybdenum there is a high storage of molybdenum in 
the liver, but if the intake of copper is increased much less 
molybdenum is deposited in that organ. In other words, there 
is in cattle and sheep a reciprocal antagonism to liver storage 
between copper and molybdenum. 

Concerning the pathological effects of molybdenum on cattle. 
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copper has an antagonistic effect also. In peat scours, the copper 
intake is below normal and a relatively small excess of molyb¬ 
denum induces pathological scouring, which is readily con¬ 
trolled by small supplements of copper enough to bring the sup¬ 
ply to normal. In teart (30), a similar scouring disease, dietary 
copper is normal and a much larger excess of molybdenum in¬ 
duces pathological effects—control also requires higher copper 
supplies. 

To the occurrence of molybdenum and its effect in animal 
metabolism are referable some of the features of complicated 
copper deficiency disease in New Zealand. The content of molyb¬ 
denum in the pastures varies from summer values of 3 to 7 parts 
per million to 16 p.p.m. in the spring season, whereas in simple 
deficiency and normal pastures the content varies from 1 to 3 
p.p.m. throughout the year. The excess molybdenum accounts for 
the fact that the liver copper of cattle and sheep on complicated 
deficiency areas is lower than would be anticipated from the 
copper content of the pasture. The greater excess in spring ac¬ 
counts also for the seasonal incidence of scouring in Peat Scours. 
The inhibition of placental transmission of copper in ewes may 
be concerned with the occurrence of ataxia in lambs on compli¬ 
cated deficiency areas, but our experience indicates that low 
copper in the new born lamb does not fully explain the develop¬ 
ment of symptoms of ataxia. 

Control of copper deficiency. 

On simple or complicated copper deficiency areas control is 
effectively achieved by supplying copper to the stock. 

In the case of sheep New Zealand experience has agreed with 
that in other countries in showing that ataxia in lambs, once 
developed, cannot be cured but that prevention can readily be 
achieved by suppljdng copper to the mother before parturition. 
For example a weekly dose of 1.5 g. copper sulphate to the ewe 
throughout the gestation period is effective; so also is the same 
treatment administered for the last seven weeks before the lamb 
is born. A more restricted programme of three doses each of 

2.5 g. copper sulphate to the ewe at fortnightly intervals about 
the middle of the gestation period also prevents all symptoms 
in the lamb but this method is not suitable for general use as 

2.6 g. copper sulphate is near a toxic dose for small ew’es. It has 
been found also that ataxia in susceptible lambs does not de¬ 
velop if they are dosed regularly twice each week from birth 
onwards with 35 mg. copper sulphate in each dose. For cattle, 
a treatment that temporarily controls the scouring on “compli¬ 
cated” deficiency land is an oral dose of 3.6 g. copper sulphate 
and this must be repeated each week to maintain control. Pre¬ 
vention of symptoms in cattle has been achieved by the use of 
licks containing 2 per cent of copper sulphate, by putting copper 
sulphate in drinking water or by spraying copper sulphate on 
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hay, the object of these methods being to supply each cattle 
beast with about 3.5 g. per week throughout the year. 

The most effective, simple and cheap means of controlling the 
disease in both cattle and sheep is to topdress the pastures with 
copper sulphate, using 5 pounds on each acre each year in the 
autumn topdressing (31). The copper sulphate can be employed 
alone or mixed with lime or any of the usual agricultural ferti¬ 
lizers, the most common form being a commercially produced 
copperized superphosphate containing 66 pounds bluestone per 
ton. As a contribution to the problems of &stribution of copper 
sulphate on difficult terrain it has been shown that spreading 
from aircraft is feasible (32). 

With the widespread use of copper as a topdressing on cop¬ 
per deficient land, the problems in stock management have been 
solved*, the diseases caused by copper deficiency have been ban¬ 
ished and production has risen to normal. 

Indiscriminate use of copper can, however, bring further 
problems, especially if sheep are exposed to excessive copper in¬ 
take. This species is much more susceptible to copper poisoning 
than cattle (33) and in a few instances losses have occurred 
when the owner supplied too much extra copper where no de¬ 
ficiency existed. Topdressing vdth small amounts such as 5 
pounds copper sulphate per acre, even on land not deficient in 
copper, does not raise the copper content of the pasture to dan¬ 
gerous levels; the greatest danger is in supplying copper con¬ 
taining licks to sheep. 

Copper and Soils. 

The total copper content in soil is an imperfect measure of 
the copper that is available to plants and therefore offers very 
limited help in applying the results of soil classification to the 
mapping of areas that may prove deficient for grazing stock. 
Pasture copper is clearly the most informative measurement 
when the health of stock is the main consideration but pasture 
is not always available for all soil types. 

Wright and Johnston (34) have initiated work that may 
prove of considerable value in understanding the influence of 
parent material and historj*- in the development of a deficiency 
of copper in various soils. The “available” soil copper is de¬ 
termined by the Aspergillus niger technique of Mulder (35) 
and a check on the interpretation of this determination is being 
made by comparing the results so obtained with the copper con¬ 
tents of pastures grown on the same soils. 

A number of genetically different soil types (36) have already 
been examined. Whole suites of soils derived from certain parent 
materials, such as consolidated dune sands and some claystones, 
are deficient in available copper, and soils in these suites are 
regarded as having an INHERITED copper deficiency. For such 
soils there is commonly a very good correlation between the 
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“available” soil copper and the copper content of the pasture 
grown on the soil. 

In other soil suites low figures for “available” copper are 
found as the degree of leaching increases. The weaklj' leached 
members of a suite, usuallj' clays or clay loams, give a relatively 
high figure for “available” copper, whereas the more strongly 
leached types in the same suite, commonly silt loams or sandy 
loams, have a much lower “available” copper. This is regarded 
as an ACQUIRED copper deficiency. In these cases the corre¬ 
lation between “available” soil copper and copper content of 
pasture is not as close as for inherited deficiency, although the 
correlation is better for soil types that lie remote from the thi'eah- 
old position. 

Examples of results are as follows: 

Inherited copper deficiency. 


Example. PINAKI SUITE (Intrazonal, strongly weathered yel¬ 
low brown sands derived from consolidated 
coastal sands). 


p.p.m. copper p.p.jn. copper 
“available’* in pasture. 


in soil. 

Weakly leached. Whananaki sand (0-4"). 1.6 4.1 

Moderately leached. Red Hill sand (0.5"). 0.8 2.8 

Very strongly leached. 

Te Kopura sand (0-5"). 0.3 2.1 


Acquired copper deficiency. 


Example. MARUA SUITE. (Zonal, strongly weathered yellow 
brown earths derived from grej^vacke sand¬ 
stone) . 

p.p.m. copper p.p.m. copper 
“available” in pasture, 
in soil. 

Moderately leached. Marua 

clay loam (0-5"). 5.9 6.5 

Moderately to strongly leached. 

Waikare silty clay (0-4"). 1.3 

Very strongly leached. 

Wharekohe heavy silt loam (0-4"). 0.6 4.5 


Organic soils are regarded as belonging to suites with an 
inherited copper deficiency as they have a very low total copper 
content and pastures are low in copper. The aspergillus niger 
technique invariably gives high figures and the cause of this 
anomaly is not yet explained. 

The classification of soils into inherited and acquired copper 
deficiency types is important in forecasting the effect that agri¬ 
cultural practice may have on the copper status of the soil and 
in accurate mapping of present or potential copper deficient 
areas. 
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Future Problems. 

A problem for the future is the possible further increase in 
molybdenum content of soil and pasture on complicated copper 
deficiency areas. Some of the affected peaty soils lie on top of 
considerable depths of peat, the organic fraction of which can 
be expected to disappear in the course of time by slow oxidation 
leaving a new topsoil with higher mineral concentration. The 
pasture may then take up suflScient molybdenum to produce 
molybdenosis in grazing stock even when normal amounts of 
copper are present in the diet, and the difficulties which exist 
on the teart lands of Somerset (SO) may appear here. Further 
knowledge of copper and molybdenum relations in animal metab¬ 
olism must be acquired and a study of methods to promote leach¬ 
ing of molybdenum must be made so that feasible control methods 
can be devised for a farming system that depends almost entirely 
on pasture as fodder for the cattle. 

Another problem concerns the leached sandy soils in which 
the soil and pasture has been shown to be very low in both cop¬ 
per and molybdenum. The first difficulty might well be the 
failure of such soils to supply the molybdenum requirements 
of nitrogen fixing bacteria and therefore the failure to provide 
an adequate source of nitrogen for grass growth. If molybdenum 
fertilizers are used complicated copper deficiency might well 
develop in cattle. Clearly topdressing with copper and molyb¬ 
denum mixtures is the answer, but data on appropriate levels to 
use on readily leachable soils has yet to be obtained. There is 
also need for information on the effect on stock health of grazing 
on pastures of low copper and low molybdenum content. The 
results of copper deficiency are known, but the possible effects 
of low molybdenum in addition have not been investigated. Be¬ 
cause of the interrelationships already demonstrated between 
copper and molybdenum it may not be too much to postulate that 
some of the biological functions of copper depend upon the par¬ 
ticipation of molybdenum. 

The relation of copper deficiency to fragility of bones in cat¬ 
tle and sheep is another problem which has yet to be examined 
fully. 

Enzootic Icterus. 

This disease, known in Australia as chronic copper poisoning 
(87) and in South Africa as enzootic icterus (38), occurs in some 
parts of New Zealand. In the central part of the North Island 
it has been known for some years and most outbreaks occurred 
on one soil type—Mairoa ash. Recently a series of outbreaks have 
occurred in the Hawke’s Bay district on another soil tjpe— 
Takapau silt loam. 

The disease, which affects only sheep, has associated with it 
some abnormality of copper metabolism, for one important fea- 
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ture is that the liver of affected animals contains high levels of 
copper, and symptoms of the final stages of the disease are in 
general similar to those of poisoning by repeated doses of copper. 
There is, however, no more than the usual amount of copper in 
the soil or in the pasture. Occurrence in New Zealand has been 
of a somewhat sporadic nature as the disease seldom occurs for 
more than a few years on any one area. This circumstance has, 
in fact, imposed a serious limitation to the study of the disease. 

In connection with enzootic icterus there is a real need to 
know more about the copper metabolism of the sheep. This 
species has a number of unusual features in its copper metabo¬ 
lism : it differs from all other species in having higher amounts 
of copper in the adult liver than in the lamb liver, which probably 
means a greater tendency to store copper; it is much more sus¬ 
ceptible than the bovine to chronic or acute copper poisoning; 
and sheep grazing on pasture display a considerable seasonal 
variation in copper content of the liver. These features all in¬ 
dicate some difficulty in handling dietary copper and thus may 
have some bearing on the end result in enzootic icterus. 

Dietary molybdenum has the same effect on sheep as on bo- 
vines in reducing copper levels in the liver but the significance 
of this in relation to enzootic icterus is not by any means clear. 
Other related elements like tungsten and rhenium do not shovf 
the same effect. 


Iodine Deficiency. 

In parts of New Zealand both humans and domestic stock are 
subject to simple goitre. This is rather unaccountable since the 
disease is at present regarded as due at least in part to lack of 
iodine in the diet and since New Zealand is a long narrow coun¬ 
try regularly subjected to the influence of -winds carrjing mois¬ 
ture and solids from the broad areas of surrounding sea. That 
solids from the sea are in fact returned to the land has been 
sho-wn by Gibbs (39) who found that as much as 350 lb. i)er 
acre of salt is deposited in a year by rain at places -within a 
few miles of the sea and 112 lb. per acre is so deposited at a 
point 30 miles inland. It is not unreasonable to suppose that 
an appreciable quantity of iodine -would also be derived from 
the same source. 

The first account of goitre in domestic stock in New Zealand 
was written by Gilruth in 1901 (40). Calves and lambs -w'ere 
reported to be suffering from enlarged thyroid glands and the 
occurrence of the disease was the more remarkable since the 
farm on which it occurred had been occupied for 16 years with¬ 
out any previous record of similar trouble. Such a report might 
well be written at the present day as sometimes even no-w a 
hea-vy incidence of goitre in young stock is found, frequently 
for the first time, on land that has been farmed in much the same 
manner for as long as 50 years. Ho-W'ever, the failure of farmers 
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to report goitre may not indicate faithfully the absence of minor 
lesions, since cases have been seen of moderate enlargement of 
the thyroid gland in sheep which had all the outward appear¬ 
ances of excellent health. 

Cattle, sheep and horses have been aifected by iodine de¬ 
ficiency in New Zealand. The young may be born dead, hairless 
and with enlarged thyroids, or may die within a few days. 
In some flocks of sheep up to 50 per cent, of lambs have been 
lost from this cause. 

Treatment of affected animals with iodine has in general 
proved successful. For example, young goitrous lambs which 
survive the first 3 days can usually be reared if dosed with solu¬ 
tions of iodine or potassium iodide; and regression of thyroid 
size in adults and prevention of further cases in young has been 
claimed as a result of supply of iodized licks. 

The disease has usually occurred on river flats or alluvial 
soils but no thorough examination of affected soil types has yet 
been made. This is now in the process of being done at Wallace- 
ville by detailed mapping of all areas of known iodine deficiency 
amongst animals for later comparison with soil maps. A chemi¬ 
cal survey conducted between 1930 and 1938 showed that en¬ 
larged thyroids of low iodine content in lambs sent to Meat 
Works originated from parts of Wellington, Nelson, Marl¬ 
borough, Westland, Canterbury and Otago Provinces (41). 

In respect to etiology it is generally agreed that low dietary 
iodine is at least one important cause. In New Zealand Hop- 
kirk, Dayus, Simpson and Grimmett (42) found low soil and 
pasture iodine associated with one outbreak in lambs; Hercus, 
Benson and Carter (43) make the same claim concerning the 
human disease, and much overseas work is in the same strain. 
Nevertheless the irregularity of occurrence from year to year 
on the same land suggests that low' soil and pasture iodine may 
not be the only cause of simple goitre. Shore and Andrew' (44) 
and Orr (45) have shown that in human endemic goitre the 
dietary iodine is not always low'. The possibility of positive goi¬ 
trogenic factors such as have been found, for example in cab¬ 
bage (46) and in brassic seeds (47), (48), should be more 
thoroughly investigated in connection with endemic goitre in 
animals. This investigation must start from the field and take 
into account such features as soil type, pastures and crops and 
their management as well as variation in environmental factors 
such as climate. 

Until a more thorough understanding of etiology suggests 
some other treatment the method of control will remain the pro¬ 
vision of additional dietary iodine; for this purpose the most 
convenient form is in mineral licks. Accurate assessment of the 
efficacy of this procedure is beset by many difficulties. Some 
goitrous sheep refuse iodized licks in spite of the use of suitable 
lures; the disease may not recur in successive years on the same 
property; and the stability of potassium iodide which is the salt 
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usually employed, is low when it is exposed in licks so that stock 
may not get iodine even if they eat the lick. Xo control can he 
exercised over the first two variables, but it is very necessary to 
discover some form of iodine that can be employed in licks and 
which will contain iodine readily available to the animal, yet 
be resistant to oxidation, leaching and other effects of exposure. 
Still further it is essential that this iodine containing compound 
be inexpensive. Some work has already been done in this field 
and attempts have been made to protect KI in licks bj’ coating 
with calcium stearate (49), by including thiosulphate, or bj' 
making licks slightly alkaline. Simple iodinated proteins not 
active as thyroproteins or other stable organic compounds of 
iodine might also be suitable. 

The use of licks is always a hazardous method of supplying 
minerals to stock and application of the missing element to the 
pasture as a topdressing is preferable. This has not yet proved 
practicable with iodine on account of cost and because many 
factors such as soil pH and pasture species (50) modify the up¬ 
take of iodine by plants. A solution to these problems would be of 
extreme value. One possible line of experiment is topdressing 
trials with some of the newer resin exchange materials with 
iodine absorbed on to them. Such materials may give up iodine 
slowly over a long period and thus prove suitable and economic 
for topdressing. 


Other Elements 

The trace element deficiencies already dealt with are the only 
ones of direct importance to the health of animals. Others, most 
of w’hich affect plants only will be mentioned very briefly. 

Fluonne. 

The fluorine content of most river winters in the North (51) 
and the South Islands (52) is less than 0.5 parts per million and 
is, therefore, below” the level that is commonly regarded as neces¬ 
sary in drinking w'ater to provide for optimal formation of tooth 
enamel. This deficiency may have some effect in rendering the 
human population susceptible to dental caries. There has been 
no direct association of dental abnormalities in aninxals with 
the low fluorine of w’ater. 

Molybdenum. 

A soil deficiency of molybdenum has been found to be the 
cause of whiptail in cauliflowers (53) and this disease can be pre¬ 
vented by the application of ammonium molybdate as a fertilizer 
to the soil (54). The increased growth of pasture that results 
from molj’bdenum topdressing in certain localities has also been 
taken as an indication that a deficienc 5 ' exists. 

Chemical determination of the total molybdenum content of 
soil is not a satisfactory measure of molj’bdenum status because 
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of the great difference of availability of this element in different 
soils and under different conditions of pH. Davies (65) has 
examined a number of laboratory methods for measuring avail¬ 
ability and has reached the tentative conclusion that Tamm’s 
oxalate extractant gives the most reliable measure. Observations 
on Okaihau gravelly silt loam illustrate the importance of avail¬ 
ability. This soil contains over 9 parts per million total molyb¬ 
denum and 0.07 p.p.m. soluble in oxalate solution. The low avail¬ 
ability thus indicated is confirmed by an increased growth of 
pasture, which results from topdressing with molybdate. Other 
soils with much less total molybdenum but with a higher oxalate 
soluble fraction show no response to molybdenum fertilizers. 
Availability of molybdenum is increased by liming and it is not 
unlikely in some cases that apparent response to lime may be 
due in fact to increase of available molybdenum. 

Manganese. 

No deficiency of manganese has been observed. On the con¬ 
trary there have been observations which point to some soils 
having an excess of active manganese that retards plant growth. 
The application of sufficient lime reduces the available manganese 
to a level that is tolerated by plants. An example of this phenom¬ 
enon is Davies’ (55) work on Ngaio silt loam. In pot experi¬ 
ments he found that the untreated soil supported only very 
limited growth of subterranean clover. The herbage that did 
grow contained a very high concentration of manganese. Limed 
pots grew much more clover with a very much smaller content 
of manganese. 

Boron. 

Boron deficiency causes brown heart of swedes (56) and in¬ 
ternal cork of apples (57). These diseases are of considerable 
importance in New Zealand and are controlled by application 
of boron as a fertilizer. Some soils are naturally deficient in 
boron; in others, especially those on the threshold of boron 
sufficiency, the deficiency may be induced by heavy applications 
of agricultural lime. 
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BANQUET AND BUSINESS MEETING 

The Tenth Annual Banquet was held at the Haven Hotel on 
the evening of June 22,1950. This was a particular!}' auspicious 
occasion because of the impending election of ten Honorary Life 
Members to the Society of a world wide selection in view of 
their contributions to Soil Science and to Agriculture. The elec¬ 
tion of an additional member from the field of medicine to be 
knowm as our “Country Doctor” was of particular interest and 
not intended to merely signify our recognition of the growing 
importance of the relationship between soil science and health, 
of man and beast alike, but also to call the attention of the State 
and of the Nation to one of Florida’s oldest and most faithful 
practitioners who, himself, has been conscious of this important 
relationship for many, many years. In fact he always sought 
to enlarge his knowledge in this field through the years and to 
use it as a veritable cornerstone for his medical practice. 

The Guest Speaker for the occasion was Dr. Edward Mac- 
Arthur Redding, Director of Research, Charles F. Kettering 
Foundation, Das^on, Ohio. His subject was “Photosjmthesis— 
A Link Between the Sun and the Soil.” Dr. Redding’s lecture as 
well as the introduction of the Honorary Members, will be found 
at the front of this volume. The presentation of these nomina¬ 
tions was made by the Secretary with the exception of Dr. Charles 

F. Kettering w'ho was introduced by Dr. Redding and Dr. John 

G. DuPuis, M.D. whose life work was very ably reviewed by Mr. 
Nixon Smiley of the Miami Herald. 


BUSINESS MEETING 

The Business meeting was of necessity very short and con¬ 
sisted of little more than the report of the Nominating Com¬ 
mittee, Dr. E. L. Spencer, Chairman and of the Resolutions Com¬ 
mittee, Mr. Luther Jones, Chairman. The former in reporting on 
the action of his committee, which included Mr. F. E. Boyd and 
Mr. J. R. Henderson, nominated Dr. I. L. Wander for Vice- 
President, this being the only elective position open each year. 
In the absence of any nominations from the floor upon call from 
the Chairman, the usual motion was made by Dr. G. M. Volk and 
seconded by Mr. R. N. Edwards, and carried, that the Secretary 
be instructed to cast a unanimous ballot for the nominee. The 
report of the Resolutions Committee is to be found on the fol¬ 
lowing page. 

The report of the Secretary-Treasurer and of the Editor were 
oral and brief. In the matter of dedication of Proceedings Vol¬ 
ume X it was decided that this should be to the ten Honorary Life 
Members who were formally received into the Society during 
the evening and who, along with Dr. DuPuis, have so graciously 
accepted this recognition which the Society has extended. 
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Meeting op the Executive Committee 

The only matters taken up at a brief meeting of the Execu¬ 
tive Committee were the appointment of a Secretary-Treasurer, 
R. V. Allison, Belle Glade, and a discussion of the feasibility of 
including a well-developed sjonposium on fiber crops in South 
Florida for inclusion in the program of the next annual meeting 
to be held in West Palm Beach. The plan was generally approved 
and the further thought extended tiiat it would be a go<^ idea 
to include a field trip on this same subject if satisfactory ar¬ 
rangements could be made to that end. 


RESOLUTION OF SYMPATHY 


Soil Science Society of Florida 

Whereas, death has taken from our rolls during the year 1950 
the following esteemed members of the Society whose sincere 
and constructive interest in all aspects of the work will make 
their absence keenly felt for a long time to come, 

Now Therefore, Be It Resolved, that this expression of sorrow 
over this great loss and of sympathy to the immediate families 
of the deceased be spread upon the records of this Society and 
a copy of same be sent to the closest member of the family of 
each. 


Dr. Oskar Baudisch 
Saratoga Springs, N.Y. 


Mr. R. 0. Couch 
Melbourne, Fla. 


Mr. Daniel W. Beardsley, Sr. 
Clewiston, Fla. 


Mr. G. Milton Fisher 
Westboro, Mass. 


Dr. M. A. Brannon 
Gainesville, Fla. 


Mr. Charles T. Fuchs 
South Miami, Fla. 


By the Resolutions Committee, 
Luther Jones, Chairman. 
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DR. W. T. PORSEE, JR. 


RETIRING OFFICERS OF THE SOCIETY 
(1950) 


W. T. Fobseb, Jr ___-.President 

Richard A. Carrigan ___Vice President 

Horace A. Bestor __—.Mbr. Exec. Committee 

_ Secretars'-Treasurer 


R. V. Allison _ 









APPENDIX 


The Minor or Trace Elements in Soils, Plants and Animals’^ 
W. 0. Robinson*’■' 

This leaflet has been prepared as a reply to numerous re¬ 
quests for information as to what chemical elements are needed 
for normal, healthy plant and animal development, how to re¬ 
store “trace minerals” to the soil, and similar inquiries. 

The whole subject is now in a state of flux due largely to 
the lack of accurate, fundamental knowledge of the quantities 
present and essentiality of the various minor elements in soils, 
plants, and animals. The availability of these elements to the 
plant varies a great deal with the chemical and mineral combina¬ 
tions and soil conditions in which they occur. The problem is 
still further complicated by our lack of knowledge of the com¬ 
plex organic compounds such as enzymes, vitamins, and biotics, 
in which these elements function in the chemical metabolism of 
the plant. 

The minor or trace elements have acquired the following 
meaning: They are present in very small quantities in the plant 
and animal, generally less than 500 parts per million on the dry 
weight basis. They are generally, but not necessarily, essential 
to the plant or animal, though in some cases they may be poison¬ 
ous to those organisms. The minor elements are commonly re¬ 
moved from the soil by plants in greater quantities than many 
soils can supply for considerable periods of time, or are required 
by the animal in quantities greater than supplied by the plant 
grown under some soil conditions. 

The more important minor elements are iron, boron, man¬ 
ganese, copper, zinc, cobalt, iodine, selenium, and molybdenum. 
Some of these are not necessary for plants but are required by 
animals. Iodine and cobalt are such elements. Molybdenum ap¬ 
pears to be necessary in very small quantities for plants but not 
necessarj' for animals, in fact it is toxic to ruminants if present 
in forage in quantities exceeding 6-10 parts per million. Both 
molybdenum and selenium are taken up in considerable quanti¬ 
ties by plants and have very little effect on the plants, though 
the selenium in the plant is toxic or even lethal to animals. 

There is nothing mysterious about the essentiality of the 
chemical elements to plants and animals. It is the natural out- 

*■—mimeographed release prepared shortly before the Winter Haven 
meetings. 

—Senior Chemist, Soils Division, Bureau of Plant Industry, Soils and 
Agricultural Engineering, U. S. Department of Agriculture, Beltsville, 
Md. 
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growth of the evolution of the plant and animal forms we now 
have. They can be considered as very delicately adjusted labora¬ 
tories having to make use of the elements in their environment. 
The order of abundance of the elements seems to be one require¬ 
ment of essentialitj’ but the essential element also has to perform 
some useful chemical reaction. 

Through the geologic ages during which evolution has taken 
place, the organisms which could best adapt their chemistry 
to make use of the raw matei'ials, in this case the chemical ele¬ 
ments, and the source of energy, the sun, ha\’e survived. The 
question as to whether an element is essential or not depends 
upon whether this element has been useful to the organism in 
surviving through the ages. Changes have taken place in plant 
and animal environment, temperature changes, and changes in 
the composition of the atmosphere. 

The bodies of plants and animals are largely composed of 
water. The chemistry of metabolism is a water chemistry in 
which varying degrees of solubility are most important. It is 
supposed that animal life developed in the sea w’here the organism 
had a great variety of elements at its disposal. Animal digestion 
is primarily an acid digestion dependent upon hydrochloric acid 
derived from sodium chloride, the most prominent salt in sea 
water. 

At this point it is interesting to consider the abundance of 
the elements on the earth’s surface. This has been calculated for 
a shell 10 miles deep including the atmosphere and the oceans— 
This order of abundance is; 

(1) Oxygen 49.10 percent, (2) Silicon 26.00, (3) Alumi¬ 
num 7.45, R) Iron 4.20, (6) Calcium 3.25, (6) Sodium 2.40, 
(7) Magnesium 2.35, (8) Potassium 2.35, (9) Hydrogen 1.00, 
(10) Titanium 0.61, Ul) Carbon 0.35, (12) Chlorine 0.20, 
(13) Phosphorus 0.12, (14) Sulfur 0.10, (15) Manganese 
0.10, (16) Fluorine 0.08, (17) Barium 0.05, (18) Nitrogen 
0.04, (19) Strontium 0.035, (20) Chromium 0.03, (21) Zir¬ 
conium 0.025, (22) Vanadium 0.02, (23) Nickel 0.02, (24) 
Zinc 0.02, (25) Boron 0.01, (26) Copper 0.01, . . . (32) Co¬ 
balt 0.002, . . . (38) Molybdenum 0.001, . . . (56) Iodine 
0.0001, . . . (62) Selenium 0.00008. 

The order of abundance of the elements in plants and ani¬ 
mals may be approximated: 

(1) Oxygen, (2) Carbon, (3) Hydrogen, (4) Nitrogen, 
(5) Calcium, (6) Potassium, (7) Magnesium, (8) Phos¬ 
phorus, (9) Sulfur, (10) Iron, (11) Manganese, (12) Boron, 
(13) Zinc, (14) Copper, (15) Chlorine, (16) Sodium, (17) 
Fluorine, (18) Iodine, (19) Cobalt. 

The most abundant elements in plants are the atmospheric 
elements from which organic matter is largely metabolized. They 
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make up sugars, starches, cellulose, fats, etc., and the bulk of 
proteins and more complex organic substances. The atmosphere 
is the main environment of most plants and animals, and water 
organisms depend upon dissolved oxygen for energy. 

To carry on the side chemical reactions that take place 
through photosynthesis to metabolism, the plant has made use 
of the most abundant elements at its disposal that would per¬ 
form the necessary chemical reactions. In the average soil 
solution and river water, calcium is the most abundant alkaline 
element and next to the main atmospheric elements it is the 
most abundant element in plants. Part of the function of cal¬ 
cium is to remove a side product of photosynthesis, oxalic acid, 
which it does by precipitating the insoluble calcium oxalate. 

The more abundant elements that are not useful to plants 
and animals are the very insoluble elements in the combinations 
in which they occur. Thus, of the first fifteen in order of abun¬ 
dance, only three, silicon, aluminum and titanium, are not es¬ 
sential to the majority of organisms, at least in anything more 
than traces. 

More detailed descriptions of the minor elements in plants 
and animals follow: 


Iron 

Iron has long been recognized as essential for healthy plant 
development. It is directly connected with the functioning of 
the chlorophyll in plants and the red blood corpuscles in the 
animal. In the leaves of healthy plants iron will average a few 
hundreths of one percent (dry weight basis), the quantity never 
varying greatly. 

Although there is an abundance of iron in nearly all soils, 
the soluble or exchangeable iron in calcereous or other soils 
around the neutral point may be so low that plants are unable 
to absorb enough for healthy growth. The solubility of iron in 
the soil is governed by the reaction of the soil, the element being 
comparatively soluble in very acid soils and also by the prevalence 
of reducing conditions. The submerged soil conditions that 
occur in very wet weather are favorable for the solution and 
transportation of iron in the soil solution and in extreme cases 
the concentration of iron may exceed the toxic limit. 

The addition of any reducing organic matter such as crop 
residues, stable manure, or compost increases the supply of avail¬ 
able iron in the soil. The iron is temporarily reduced and made 
soluble and the complex ions formed with the organic matter 
hold the iron, even after oxidization, in solution at pH con¬ 
centrations that would otherwise precipitate the insoluble ferric 
hydroxide. Plants are sometimes sprayed with solutions of fer¬ 
rous sulphate to cure iron deficiency. In Hawaii, the pineapple 
crop is sometimes sprayed four times a year with an 8 iwrcent 
solution of ferrous sulphate. 
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Boron 

Boron, from the standpoint of agriculture, is unique among 
the chemical elements in that very small quantities are necessary 
for the growth of many, if not all plants, and only slightly higher 
concentrations cause injury. With a number of plants the range 
between these two levels is only a few parts per million. 

Boron is present in quantities up to 200 parts per million in 
all normal, healthy plants. Orchard-grown citrus leaves suf¬ 
fering from boron injury may contain in excess of 6 times as 
much. Soils contain from 3 to 90 parts per million total boron. 
Only a small portion of this boron is water soluble. In New 
Jersey one half part per million of water soluble boron in the soil 
is considered ample. 

Many crops show boron deficiencies. The heart and dry rot 
of sugar beets, internal cork of apples, browning and hollow 
stem of cauliflower, yellows of alfalfa, cracked stem of celery, 
top rot of tobacco and browm or w’atery heart of turnips are 
boron deflciency diseases. 

Alfalfa yellow's and failure of alfalfa to seed can be remedied 
by appljdng 20 to 60 pounds of borax to the acre. For tobacco no 
more than 10 pounds per acre should be used. For boron de¬ 
ficiencies in other crops varying quantities are used depending 
on the texture and composition of the soil. Special fertilizers 
for alfalfa contain 60 pounds of borax to the ton; this not onlj' 
remedies alfalfa yellows but greatly increases the yield of seeds. 

The availability of boron is much less in calcareous than in 
acid soils. In some calcareous soils the soil application of borax 
is not effective. It is necessary to spray the plants. Three pounds 
of borax in 100 gallons of w'ater make a suitable spray. 

As before mentioned boron is quite toxic and much injury 
has resulted in the past from using potash salts which contained 
boron in harmful amounts. Borax even at the rate of 30 pounds 
per acre may cause injury to sensitive crops in very dry seasons 
on sandy soils. 


Manganese 

Manganese is a common constituent of soils and plants, the 
quantities present in both varjdng gi'eatly. In many soils and 
plants manganese is a major element. Certain Hawaiian soils 
contain as much as 15 percent Manganous oxide, and some soils 
in the United States contain over 3 percent. Some plant leaves, 
particularly the forage legumes contain as little as a few 
thousandths of one percent, and a number of tree leaves growing 
on very acid soil contain over 0.5 percent. 

Some soils contain only a very small quantity of manganese. 
Others containing much manganese may have it in an unavail¬ 
able form such as the very insoluble dioxide. This latter con¬ 
dition obtains in calcareous and other alkaline soils, and in any 
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soil immediately after heavy liming. There is no correlation be¬ 
tween the total manganese in soils and in plants growing on 
these soils. The availability is governed rather by the aciditj” 
and reducing action of the soil than by the quantity present. 
The exchangeable manganese in forest leafmold commonly equals 
and sometimes exceeds the exchangeable calcium. 

The manganese in soils containing organic matter becomes 
very soluble when these soils are submerged for relatively short 
periods. Under these conditions the concentration of soluble 
manganese exceeds the limits that have been found to be tolerated 
by plants. On acid soils, injury to tobacco, pineapples, beans 
and other crops by excessive quantities of manganese has been 
noted. 

There are a number of deficiency diseases due to lack of 
available manganese in the soil. These are chlorosis of toma¬ 
toes and other plants on highly calcareous soils. The “marsh 
spot” of peas and “gray speck” of oats occurs on organic soils 
in the British Isles and Northeastern Europe. 

Manganese deficiency has been noticed in animals. It causes 
“slip tendon” or perosis in chickens, also low hatchability of eggs. 
Low manganese in feeds also causes lameness in pigs and steril¬ 
ity in bovines. 

The quantity of manganese that must be supplied on soils 
to correct the shortage may vary, but additions of 25 to 50 pounds 
of manganous sulphate per acre have resulted in remarkable in¬ 
creases in crop yield on certain soils. 

Copper 

Copper is 26th in order of abundance in the earth’s crust, 
the average being 100 parts per million. Soils average con¬ 
siderably lower than this. Leaves of green plants seldom con¬ 
tain less than 5 p.p.m. or more than 20 p.p.m. Copper is said 
to be concentrated in the seeds of plants. In the corn seed, the 
germ contains 20 p.p.m. and the endosperm 0.5 p.p.m. 

Copper deficiency in vegetables is confined to those grown on 
high organic soils. In some of the rich organic soils in the Ever¬ 
glades of Florida lettuce, celery, and other vegetables cannot 
be growTi without the addition of from 25 to 50 pounds of copper 
sulphate per acre. A disease of citrus, pears, prunes, and other 
fruits, exanthama or die back, and also the reclamation disease 
are caused by a deficiency of copper. 

In the animal, copper is necessary for the utilization of iron 
in the formation of haemoglobin. Piglet anemia and sway back of 
lambs are due to copper deficiency. “Stringy” wool of sheep 
(Australia), “Scouring disease” (Holland), “Licking disease” 
of ruminants (Europe), “Coast disease” of grazing animals 
(Australia) and “Salt sick” of cattle (Florida) are due to a dual 
deficiency of copper and cobalt. 
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Zinc 

Zinc is the 24th element in order of abundance in the earth’s 
crust. It is present there at the average of 200 p.p.m. Soils vary 
a great deal in zinc content ranging from a little less than 5 
p.p.m. to over 200 in soils of considerable extent. The range in 
plants is much greater; from 5 to over 5000 p.p.m. It is odd 
that the plant can accumulate so much zinc ^^ithout showing 
any toxic effect. 

Plants suffer a number of deficiency diseases due to lack of 
available zinc. They are “Little Leaf,’’ or “Rosette” of apples, 
pecans, vines, and stone fruit; “Mottle Leaf” of citrus, “Yellows" 
of walnut, “Bronzing” of tung trees, and “White Bud” of corn. 
Animals appear to get an abundance of zinc in the plants they 
consume. 

Zinc forms about 0.3 percent of carbonic anhydrase. a respira¬ 
tory enzyme found in both animals and plants. 

Zinc sulphate is applied as a spray or directly to the soil 
to correct deficiency diseases. Up to 25 or even 50 pounds per 
acre have been used and in certain calcareous soils as much as 
200 pounds per large pecan tree have given economic increase 
in crop yields. 


Cobalt 

Cobalt is of interest because it is necessary especially for 
cattle and sheep. Only about a milligram per day is necessary 
even for a large animal. For over two centuries it has been 
knowTi that certain pastures in the British Isles produced “pin¬ 
ing” in cattle and sheep. Long ago this disease w'as correctly 
ascribed to the forage but not until nearly 20 years ago w'as 
the real cause known. It is a cobalt deficiency disease. Cobalt 
deficiencies are found in a number of places in the United States. 

Cobalt does not appear to be essential to plants. How'ever, 
it is necessary for cattle foods to contain as much as 0.08 p.p.m. 
for complete animal health. Cobalt is given as a mineral sup¬ 
plement or drench. In New Zealand it is used at the rate of 
two pounds of cobalt sulphate per acre applied with super¬ 
phosphate. 


Iodine 

Iodine deficiency is the classical animal deficiency disease. 
And unlike the rest of the minor elements, the deficiency w’as 
first found in humans. Later it has been traced to various do¬ 
mestic animals. Lack of sufficient iodine in plants and w'ater 
causes goiter. Iodine does not appear essential to plants but is 
taken up by them in amounts ran^ng from 20 to 200 parts per 
billion. These are average quantities for various plants used as 
foods. Occasionally plants are lower and some very much higher. 



276 


The goiter belts are generally on coarse, gravelly, sandy soils 
having little clay or organic matter, or in areas profoundly 
leached by melting snow. In the earth’s crust iodine is 66th in 
order of abundance, or one part per million. It is the least abun¬ 
dant element which has been definitely proven essential to ani¬ 
mals. 

Like salt, sodium chloride, it has been found practical to sup¬ 
ply this element artificially. The need for salt was intuitively 
shovra by the craving for salt before the dawn of history, but 
it took years of patient chemical research to connect goiter and 
cretanism with iodine deficiency. 

Molybdenum 

Molybdenum is of interest because minute quantities are re¬ 
quired for nitrogen fixing bacteria, and in some places pasture 
plants take up enough of this element to be definitely toxic to 
cattle and sheep. 

In some places in Australia economic responses in yields of 
subterranean clover have been realized by the application of as 
little as one ounce of molybdenum per acre. Elsewhere molyb¬ 
denum deficiencies in soils in the field have not been observed, 
though some soils have been found molybdenum deficient in 
greenhouse tests. 

In the earth’s crust molybdenum is 38th in order of abun¬ 
dance, the average being 10 p.p.m. In over 200 representative 
American soils molybdenum averages 2.6 p.p.m., 85% of these 
soils range between 1 and 4 p.p.m. In plants and plant parts 
the range is from less than 0.1 to over 400 p.p.m., though forage 
plants seldom exceed 10 p.p.m. 

In some parts of the British Isles and in some parts of Cali¬ 
fornia and Florida the vegetation has been found to exceed 10 
p.p.m. molybdenum. Cattle fed on such pasturage become un¬ 
thrifty and sometimes die. Molybdenosis in cattle is not only 
dependent upon the quantity of molybdenum in the plant but 
also upon the copper content, for these two elements appear 
to be antagonistic in the ruminant. Molybdenosis has been cured 
by feeding the animal 1 to 2 grams copper sulphate daily. 

The quantities of molybdenum that plants will take up is 
greatly increased by making the soil alkaline with calcium car¬ 
bonate. It is of low availabilitj' in acid soils. In “black alkali” 
soils molybdenum availability would be very high. This prop¬ 
erty of molybdenum, (also selenium), is quite the opposite from 
iron, manganese, zinc, cobalt and copper, the availabilities of 
which are decreased by overliming. 

Phosphate rock, from which superphosphate is made, gen¬ 
erally contains molybdenum, and some Florida and Western 
phosphates contain as much as 50 to 200 p.p.m. Superphosphate 
makes up the bulk of mixed fertilizers, and it is believed that 
no soil deficiencies of molybdenum will occur on soils that are 
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fertilized with commercial fertilizer. On the other hand, no 
fears are anticipated that the use of superphosphate will cause 
mols^bdenum toxicity in cattle for superphosphate applications 
reduce rather than increase the molybdenum content of vege¬ 
tation. 


Selenium 

This element is of interest because of its extremely poisonous 
properties. Enough of it is taken up by certain plants to be lethal 
to animals eating even small portions. Such poisonous plants 
appear perfectly healthy. They have adapted their chemistry to 
use selenium; it may even be essential to their development. 

Selenium is even somewhat rarer than iodine. It is, however, 
concentrated under some conditions of soil development. When 
certain cretaceous shales form soil under semi-arid conditions, 
selenium becomes available to plants. All soils contain some 
selenium, but it is only under semi-arid conditions, in alkaline 
soils, in presence of calcium carbonates and sulphates that plants 
take up enough to be poisonous. Highly ferruginous soils of 
Hawaii, Puerto Rico, and Southern Texas may contain as much 
as 10 p.p.m. selenium and not produce toxic vegetation whereas 
soils formed from Pierre Shales in South Dakota, Wyoming and 
other nearby States may contain only 0.5 p.p.m. and produce 
lethal vegetation. 

Sprays containing selenium are very effective in controlling 
red spider. Sodium selenate is used in low concentrations in 
greenhouse soils to kill aphids, red spiders, and foliar nema¬ 
todes. Enough of the element is taken up by the plant to kill these 
insect pests. Food plants raised on soil so treated may be quite 
poisonous. Great care should be exercised in using selenium 
sprays on plants and sodium selenate on the soil. 

Other Elements 

Considerable fluorine is let loose into the atmosphere by in¬ 
dustrial processes such as the manufacture of aluminum, super¬ 
phosphate, bricks, glass, steel, high octane gas and some chemi¬ 
cals. This gas is quite toxic to vegetation, and to cattle and sheep 
feeding on fluorine contaminated vegetation. Fluorine is not 
taken up from normal soils by the plant in injurious quantities. 
Fluorine in quantities of about 1 p.p.m. in drinking water seems 
to exert a beneficial effect on human teeth. 

Barium and strontium are present in more than traces in 
most plants. Barium may reach as high as 0.2 percent in some 
leaves. Those elements seem to have little or no effect on plant 
and animal growth in the quantities they occur in vegetation. 
Barium carbonate is quite poisonous to animals. 

The rare earths as a group appear to act as one element bio¬ 
chemically. They are present in the earth’s crust as 0.018 percent 
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and the group would be 26th in order of abundance. They form 
relatively insoluble oxalates, and may function as calcium in 
plant grovi:h. Hickory leaves may contain as high as 2000 p.p.m. 
rare earths. These elements appear to be present in small quan¬ 
tities in all plants. Bare earths presumably concentrate in the 
skeletal structures of animals. Very little is known about the 
physiological reaction of the rare earths on animals. 

Sodium, chlorine, silicon and possibly aluminum form a group 
of elements, which although not absolutely essential, are defi¬ 
nitely beneficial to some plants under some conditions. Silica 
is especially high in the grasses. 

Through further research it may develop that other elements 
may be essential to plant or animal life even when present in 
such very small, or smaller, quantities than iodine. Given an 
abundance of sample and a sensitive and exhaustive method of 
chemical analysis, it is believed that nearly all the elements, 
except perhaps the rare gases, could be shown to be present in 
plants and animals. Silver, lead, tin, gallium, germanium, and 
even gold have been found in many plants. It is not known 
whether their presence is merely accidental or if they serve 
some useful purpose. 

The various State Experiment Stations are familiar with 
the minor element requirements of plants and animals. These 
requirements naturally vary vidth local conditions and the Coun¬ 
ty Agricultural Agent and State Experiment Station should al¬ 
ways be consulted. 
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The E\eLulne Committee in behalf of the entiie membership oi the 
bociet\ desires to take this opportuniU to thank the officials and the staff 
of the Geoige T^a^hington Hotel foi then splendid ho'^pitahu and tireless 
efforts in making the meetinss a success also the officials of the Central 
ind bouthein Honda Flood Contiol Di^tiict and of the Flonda State 
Geological Sui\e> Tallahassee and of the Jackson\ille Office of the 
Coipb of Engineeis Depaitment of the \rm\ foi their fine asbistanct 
with the Panel Discus^^ion of ^atei Conbei\ation also the officials of 
the E\erglades Experiment Station of Newpoit Industries Inc and of 
\merican Kenaf and Ramie Corporation foi their splendid help in con 
nection with the fiber crop field tup and with the first meeting of the 
Committee set up b^ the L S Depaitment of Agriculture to de\elop and 
define a s>stem of marketing airades for kenaf the proposed soft fiber 
substitute for jute to be grown in the ^esteii Hemisphere 

wish also to expiesb oui paiticulai appreciation to Mi alter 
R Guthiie of the Lehigh Spinning Company 411entown Pa for the 
crenerous amount of time he s:a\e us and the fine part he took in the 
progiam and to the following officials fiom \tashington D C and 
elsewhere foi the special effort the\ made to be with us Dr Arthui 
G Peterson Chief Textile Foiest and \giicultuial Products Di\ision 
Offic^ of Mateiials Munition'^ Boaul Di Chailes Schoffstall Chief 
Fiber's Branch fexrile Dnision National Production \uthorit) Mr E 
D Bell DepuU Dnectoi Cotton Branch Produftion and Marketing \d 
ministiation LD \ an! his \ssociates Mi Wilson C Tucker and 
Ml H C islade ntl Messrs Geoisre R Bo>d and Flton G NeLon 
Bureau Plant Industi\ l:oils and 4gi Engineering L SD A , likewise 
to Ml \ N Ma\o lepiesenting the Commi«^sionei of Agriculture Honor 
able \athan Ma^o Di Hei man Gunter State Geologist from Tallahassee 
Col \ G Matthews Chief Engineer Di\ Water bur\e\s and Research 
State Board of Consei\ation Tallahasset Di Wm L Lett Secretai\ 
National Cotton Council Memphis, Mr Geoige F QuimM Secretary 
Treasurer of Soft Fiber Manufacturers Institute New \ork Cit\ Col 
George D Green, President Southern States Bag Compam Jacksomille 
and to Ml Alexander low N A Rep Indian Jute Mills Assoc Inc 
New \ork Cit> 

Finally, we want ^o express our sincere pleasure for ha\ing had with 
us during the^e meeting-^ a number of foreign members and friends 
notabh a \ei\ hue delegation from Cuba among which Mr Jose A 
Perez represented the Minister of Agriculture \h Luis A San|enis 
Second \ P and Ins Manuel buaiez Caiierio Treasurer respectueU 
of the Asociacion Nacionil de Case heios le Kenaf Je Cuba weie thi" 
organization'^ ieptesentdti\es, rnd Ins Julian B Ncuna lepre^enteJ 
Banco de lomenlo e Iiidastnal de Cuba Me-sis Federico Poe\ and 
foe E Walkei of Ha\ana aid Eduardo Iopez of Guanabacoa Cuba al-t 
weie 11 attenlance ind \Ii luane Llait of the Office of Foieign 
Agiicultuial Rtlrlions L s D A v\a*-hinglon 0 C and his cowoikeis 
trom Pakistan Messrs WaUihul Islam MD T Hus^ian and A F MD 
Hahzii Rahman It is of course a paiticulai pleasuie to record ihe 
attendance of oui good fiiend and fine coopera^oi in the fibei woik Mi 
R A CoKer of S\dne\ Australia and Rahoul New Guinea 
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DEDICATION 

CHARLES R. SHORT 


Charles R. Short was born in London. Ontario. Canada in 1871, where 
he attended school and then served as an apprentice machinist and tool 
maker. He first entered the United States in 1899 and worked in Detroit. 
Michigan; Cleveland, Ohio; Erie, Pennsylvania and New Haven, Con¬ 
necticut. Returning to London, Canada in 1891, he married Mary Adaline 
Clark. To them four children were born. 

From 1891 to 1906 Mr. Short was Chief Engineer, Motor Division. 
Canada Cycle and Motor Company, located at Toronto Junction, Ontario, 
Canada. A practical aluminum body ice skate was developed during this 
period. Following his return to the United States in 1906 he was Chief 
Engineer, Standard Gas and Electric Company, Philadelphia, Pennsyl¬ 
vania until 1910. During this time he developed the auto motor electric 
starter and equipped test cars for Cadillac. Peerless, Pierce Arrow and 
Stevens Doyrea. 

From 1910 to 1912 he was Electrical Engineer for Packard Electric 
Motor Company, St. Catherines, Ontario, Canada. \^Tiile employed there 
he developed the auto electric starter for the Canada Cycle and Motor 
Company, Toronto, 

Returning to Detroit in 1912 he formed the Short and Wilson Tool 
and Machine Company, and continued in this work until 1916 when he 
became Chief Engineer, Northway Motor Division, General Motors. He 
continued in this position until 1922 when he was made Chief Engineer, 
General Motors Research in which position he remained until 1931 when 
he retired. During these years there was developed, among innumerable 
other improvements to automotive equipment in the General Motors field, 
the ‘‘V”-Belt. 

Following his retirement in 1931 from General Motors Research Mr. 
Short moved to Clermont, Lake County, Florida, where he developed 
the Florida Industrial Laboratory. Since the establishment of this labora¬ 
tory there has been developed in it a dehydrating machine for the prep¬ 
aration of sawgrass peat for market; many projects in connection with 
the local diatomite deposits including a remarkable “all-weather”, salt 
shaker; a hyacinth cutter for the U. S. Engineer Corps, Jacksonville and 
decorticating and degumming machines for bast fibers. He also developed 
a Citrus Research Grove to assist with the solution of some of the nutri¬ 
tional problems of this important industry in Florida at about the time 
they had arrived at their most critical level in the middle to late thirties: 
and he is president of the Citizens Bank of Clermont. 

It is regrettable that Mr. Short’s attendance upon these meetings was 
prevented by the recurrence of an unfortunate illness which has given 
him considerable trouble during recent years and which required hos¬ 
pitalization at this very time and a serious operation. Fortunately, he 
had again quite fully recovered by the time this Proceedings was ready 
for the press and w^as back again in the shop as active as ever on the 
development of equipment and processes for the decortication and degum¬ 
ming of bast-fibered crops < ramie and kenaf j, a project we are inclined 
to believe has been the “apple of his eye” since about 1944. 
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R4]VnE CLLTLRE IN THE F4R E4ST 

BfRMCE \l0^TG0^l^Rl 


Thi^ Chine'^e poem fiom the Book of Ode'- contdin- the olde^l knuAvii 

lefeience to the fihei ^\hich ^\e now call ramie The poem i" at lea^t 

2 500 old peihapb oldei The poet telU of a beautiful lad\ and 

compaies hei to the ^vatei in the moat 
^ at the Eaist Gate of the cit^ In order 
de’-ciibe ho-v\ shinins and cleai the 
^Natei 1 *- he '-d\- it ht foi '-leepm^. 
^ lamie ft mteie'-liiiL cu note dial die 

^ ^ chaiactei denotin.. die hbei lamie 

/ I ^ ^imilai to that u-‘ed f oi ^ilk In othci 

f 4 / N i\oid'- the abo'L chaiactei foi lamie 

^ ym lepie^-enN a lieauliful lu^tious xabiic 

made of fibei iiom planN ol the genu- 
^ Boehmeua the character loi -illTiep- 

le-entb a beautiful lu-tiou'- fabiic made 
'-jq® fiom fibei -^pun b^ the -ilk i\orm 

^^an^ people in Aimeiica think of 
w-ramie a- being principalh Chine&e in 
^1 X^j x?| origin ‘Vctualh according to Oriental 

J 4 J legend lamie plant- fir-t gre\\ and the 

X \ fir^t Ubed on the boutheastein 

‘^lop^ and foothill- of the Himala\a- 
N '•y \ e^pecialh down through the area which 

^ iiow \Iala\ and part of Indone-ia 

K^r woid ramie i«- the \nglicized 

^ loim of the ancient Alala\an %\ord roi 

^ Vx yJlSf plant and it- fiber 

People on the Indu Paki'^tan -ub 
continent haie al-o been growma and 
llu^ Poem in \neient Chinese proce-insr lamie hbei for a long .une 
make- the fir-t known reftience tc U quite po^'uble that the lamie fabiic- 
Ramie in the hteiature ot the world found on -ome of ihe Eg\ptian mum 
\en kjndH lepioduced fiom the ^jj^e- of the pie chna-tic period <1300 

iSSjf. 'S fcSL?K,^"fl B C ,o 5000 B C , «are »po.,rf b, 

^a-hin«ton the Eg\ptian-from Indici. Kamie labric- 

aie mentioned in ancient \ edic litera 
lure Refeience to lamie i-^ found in the drama Sacantala b\ Kahda—a 
generalh &uppo-ed to ha\e been wiitten about 100 BC 

Much of the ramie fibei used in the Tai Ea-tern aiea- i- obtained 
fiom plantb glow mg in a wild -tate Method- of piepaiation \ai\ wideh 
though all imohe ebsentialh the -ame principle- E\er\ont will recall 
reading \arMng debCiiptionb of the-e proce—e- each de-ciiption pur 
porting to be the collect one \ctualh it i- one of tho-e happ^ -ituations 
wheie piacticalh e\ei\ one is light Lack of tianbportation and com¬ 
munication m thebe aieas ha\e le^ulted in each bmall area de\ eloping 


Tin- Poem in \ncient Chine‘«e 
make- the fir-t known reftience tc 
Ramie in the liteiature ot the world 
\en kindH lepioduced fiom the 
►nstmal M To-eph En pao "V^ang 
DiM-ion ol Orientalia Lihran of 
v^onare— a-hin«ton 


Markelinsr Consultant Fifth \\enue Hotel 'Ntw 5.oik Cit\ 
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its own \va} of procei?i'>iiio ramie. In most cases this way has been 
maintained without change for many generations. 

Basically, the processing imolves first. remo\al of bark ^ith fiber 
attached, by peeling; stalks may or ma\ not be soaked in water before 
this peeling takes place. In some areas the peeled bark, with fiber at¬ 
tached. is dried and later soaked in water, hot or cold, fresh or salt, 
before the fiber is freed from the bark. This latter method is general!} 
used in the northern regions w'here the wdnter season with little farm 
acti\dty allows time for processing of ramie fiber during this period of 
the year. 

Instruments used to free the fiber from the bark. b\ scraping, range 
from clam shells to specially prepared pieces of bamboo and iron knives, 
depending on local customs and equipment a\ailabie. A protector of 
some sort is wrapped around the thumb, the scraping instrument held 
in the palm of the hand and the fiber then drawm between the edge of 
the scraper and the thumb. The amount of scraping done, that is. the 
degree of separation of the fiber from the bark and from the gums and 
waxes, depends largely upon the intended end use of the fiber. Obviously, 
if the fiber is to be made into very fine yarns, a great deal of scraping 
w'ill be required, that intended for coarse \arns does not require much 
scraping. 

China for main \ears has grown most of the world’s supply of com¬ 
mercial ramie fiber, the total production averaging about 75.000 tons 
annual 1}. pre-World War II. This country’s exports averaged about 
25,000 tons annuall} during the same period. Methods of cultivation 
and processing used in China are generally primitive. Cultivation and 
harvesting are done with hand labor. Fiber removal is also done b\ 
hand, though in a very* few’ instances a small machine decorticator may 
be used. Degumming is done by alternate soaking and hand scraping; 
in some areas the yarn or fabric is also boiled in a w’eak solution of 
caustic soda, which removes some of the gum and acts as a bleaching agent. 

Chinese ramie fiber intended for commercial export is often bleached 
with charcoal or sulfur fumes after it has been separated from the bark 
of the plant. This is the so-called ""white"’ ramie of commerce. The 
terms "Vhite” and ""green” used in this connection should not be 
confused with the terms “white bark” and "‘green bark” used in con¬ 
nection with ramie plants grown in the Far East. The last two terms? 
apply to varieties of Boehmeria nivea and not to the decorticated fiber. 

Ramie has apparently been grown in the Philippines since prehistoric 
times. It was first cultivated on a commercial scale during the 1930’i? 
in the southern island of ^lindanao, especially on the land ow’ned b\ 
Japanese capital. Production was, of course, disrupted during World 
War II. Post-war production has been slow in resumption because chan¬ 
nels of trade have been re-established only slowly. It is expected, how¬ 
ever, on the basis of present plantings and plans, that ramie fiber pro- 
tion in the Philippines Islands will increase markedly in the near future. 

Utilization of ramie is also found on most of the islands of the Pacific 
w’hich are adjacent to or near the coast of the Asiatic continent. This 
includes Indonesia, w’here “tali rami”, a kind of tw’ine used for fishing 
nets, excited the imaginations of the Dutch and the English East India 
Companies and later the traders of the nineteenth century, especially 
during the periods when the Napoleonic Wars and later the Crimean War 
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disrupted the ^upph of hemp cordage fiber from Russia. A small qaun- 
tit}' of ramie fiber has been exported from time to time from the Island^ 
of'Indonesia to Europe. 

Japan has cultivated lamie plants and used the fiber since piehistoric 
times. At one time, about 300 \ears ago. the armies of the Shoguns were 
clothed in uniforms made from ramie. Priraiti\e hand methods of 
cullhation and hand processing ma} still he found in the mountain area- 
of Japan. Japanese ramie is better known. howe\er. as a commercial 
product. 

Onh about 1.000 tons of fiber can be grown in Japan annualh be¬ 
cause of the pressing need for food crops. The mills of Japan, however, 
need about 10.000 tons annualh and in times past imported most of this 
from China. Presently imports are coming from man\ parts of the world. 

In a few moments, Mr. Averill. the projectionist, will run a film 
showing ramie fiber processing on a commercial scale in Japan. The 
methods used in the Japanese mills are approximateh the same as those 
used in the mills in Germain and other European countries. 

This picture was made with the coopeialien of the wiuhrs largest 
ramie mills which are located in Japan. The Hard and Bast Fibers 
Trade Association of Japan assisted in making arrangements, as did aho 
the officials of the Prefectures in Japan where the pictures were made. 

The actual photograph) was done by the U. S. Arm\ Signal Corps. 
Cpl. J. C. Carey and Pfc. David McLean were the photographers. Aii> 
rough spots and shortcomings in the picture are to be attributed to me 
since responsibility for planning and direction was mine. 

The showing of the 30-minute movie that is to follow and which will 
give many details of the culture and processing of ramie in Japan was 
cleared especially and exclusively for this meeting by the Office of Public 
Information of the U. S. Department of Defense. 


Editor's Note: A group of 18 frames was selected from thi- film jnd these, 
with the additional photo <No. 3) on hairesting, from another source, constitute the 
series of figures that follows. It is hoped that the rather lull legends which Miss 
Montgomerv has provided for these pictures will assist ver\ materiall) in giving 
those who did not see the film a good idea of the conditions of cultivation and 
processing of ramie in the Fai East w’hich she has studied for a number of vears. 
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Figure 1. Prepaiing the HioiL The land ib first deep-plo^^ed or turned b> hand 
^^ith a mattock sii^ar t<f the one shown in the picture. It is then well puherized 
by a harrow, usuall> wooden, which may be drawn by horse or pulled by hand. 
Trenches 7 to 8 inches deep, are then made with the mattock, and fertilizer (compost. 
bdm>ard manure and commercial fertilizer) mixed with soil is turned back into 
the trench from the surface ridges to a depth of about 2 inches. 

Figure 2.— Planting. Ramie ind\ be propagated in 3 wa>s: b> seed, by rooting 
cut pieces of the mature stalk and by cut pieces of the root system, which are known 
as rhizomes and sometimes as “reproducthe roots." The last named is the most 
satislactor> and widely used. In the picture, cut pieceb of rhizomeb aie being placed 
in the trench. Pieces are about 4 to 5 inches long and care is taken to have each 
piece with two or three buds. Soil is then turned into the trench, with the mattock, 
to co\er the rhizomes. Plants begin to appear above ground 7 to 10 da>s after 
planting. The field is then inspected and an> dead pieces of rhizome® replaced. 

Figure 3.— Harvesting. Stalks are cut by hand with a sickle. Planting'', in the 
latitude of K>ushu. Japan, require from 1 to 2 years for the toot system to spread 
out and become w’ell-established. Fields are weeded by hand until roots spread out 
to pro\ide enough stalks to shade the ground. Culthation of plants and application 
of fertilizer also is by hand, at regular inter\al‘'. The first stalks sent up are cut 
when they reach a height of 3 to 4 feet, and allowed to remain on the ground. The 
cutting encourages the root system to spread out. Allowing stalks to remain on 
the ground als<» helps to prevent W’eeds, conser\e moisture, and enrich the soil. Thi® 
pieliminary cutting is usually done twice during the fust year. The third growth, 
if conditions have been fa\ordble, can be cut for fiber extraction, though yield pei 
acre will be lowx By the second year the root system will be sufficiently established 
to pro\ide satisfactory yield of fiber at 60 day intei\als during the warm growing 
season. In Kynshu. 3 crops may be hanested per year, resulting in an average of 
1.100 pounds of fiber per acre, with higher yields from fields that receive good care. 
ade([uate fertilization and ha\e a fa^orable growing season. Plantes in the picture 
die 2 years old. 

Figure 4 .—Tiansporting Stalks to Decortkator. The decoilicator. a machine 
for extracting the fiber from the stalk, is portable and is moved to a place near the 
field where narvesting is done. Stalks are moved to the decorticator on small, 
two-wheeled carts. Note that stalks have been placed on cart with root ends even. 

Figure S.—Decoitication, This operation removes the fiber from the stalk. To 
obtain the highest quality and the greatest quantity of fiber, stalks should be run 
through the decorticator as soon as possible after harvesting. 

Ramie fiber is located in bast bundles that occur in the outer part of the stem 
v\hicli completely surrounds the central woody portion, just under the outer bark 
and running the full length of the stalk. The bundles are held in place by gummy 
and waxy substances and hv the cellular tissue around them. The object of de¬ 
cortication is to remove these bundles of fiber from the "talk cleanly and efficiently 
and with their length intact, -Machines used lor tliis purpose all operate on the 
same basic principle, which con'^i^ls, essentially, of crushing stalk between rolleis 
and then bringing it into contact with blades set in the outer circumference of a 
lolating wheel which scrape bark and woody portions of stalk from fiber. 

The machine in the pictiiie wd" patented in Japan in 1947 and is run by a 3 
li.p. motor. Average production is about 400 to 450 pound" of fiber, dried bd«is. 
per 8-hour day; skilled operat«»rs produce more. The full length of the stalk is 
decorticated on a continuous ba"is, no defoliation, topping or butting of stalk being 
required liefore decorticatiijn. 

Decorticated fiber may be ®een in the center of the picture, coming from undei- 
neath the machine. It is caught by the w«»rker seated on the giound just to the left 
and beyond the workman who is feeding the machine and hung over the bamboo 
pole placed on pegs extending from two upright poles—see lower left comer of 
picture. The pieces of bark, woody material, and leaves fall to the ground below 
the machine, A pile of tliis waste material may be seen in the picture. The waste 
is carefully saved and used as compost for fertilizing the crop. Use of this material 
reduces to a minimum the amount of nitrogen fertilizer needed. 

"When fiber has been hung all the way across the pole, another worker removes 
the full pole and replaces it from a pile, the ends of which may be seen on the 
left-hand side of the picture. The filled pole is hung on an upright bamboo frame 
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and the fihei is allowed to di> in the open an and sunshine. Drying the lainie 
ribbons in the sun is considered important as a more lustrous, stronger fiber result*' 
than if air-dried in the shade. 

Figure 6.— Brushing, \lter the decoiticated fibei is thoioughlj dry it is biu^shtd 
to remove any bits of hark and woody mateiial lemaining. The brushing machine, 
also patented in Japan in 1917, is opeiated by a 2 h.p. motor. It« average production 
1 -* 2.50 to 300 poimds of brushed fiber per 8-houi day. 

Fiber is biushed by biinging it into contact with ven coarse combs set into 
the outer circumference of a rotating wheel. Note clean, smooth appearance ol 
fiber on the table at the lelt side of the pictuie in comparison with fiber on table 
the light. Brushed fiber is baled and sent to the mills. 

Figure l.—Degumming—First Step. The puipose of the degumming proces" 
is to remove the gums and waxes which still remain on the fiber. At this stage, the 
fiber is in strands or ribbons that are made up of the bast bundles of fiber which 
lun the fidl length of the oiiginal stalks. Each strand is made up of many in¬ 
dividual fibers, which may lange in length from to 20 inches and usually average 
5 to 6 inches. Removing the gums and waxes fiees the individual fibers so chev 
may be bettei sorted, combed, and twisted during the spinning operations. Ramie is 
the" only bast fiber which can be sepalated into individual fibers before any yam 
preparation oi spinning operation takes place. The unusual length of the individual 
fibers makes this possible and piactical. 

hen the bale'' of fibei reach the mill, they aie opened and the fiber inspected. 
It ib then tied in •'mall bundles, using one end of a strand of fiber. These small 
bundles are tossed onto a scale and when the specified weight is reached, are placed 
in a wile basket for the fiurst step in the degumming process. 

In the pictuie, the wire basket loaded with ramie fiber iiV being moved toward 
the first step in the actual degumming process. This consists of placing the basket 
and Its contained fiber in a clean, empty vat and covering it with clear, cold water 
for about 24 hours or until the fiber is thoroughly re-wetted. This is important u» 
allow thorough penetration of the degumming solution, into which basket of fibei 
1 - next immeised. 

Figure 8.— Degumming—Second Step. The degumming solution, into which ibe 
basket of fiber is immersed, consists of a water solution of caustic soda, the amount 
of caustic soda depending upon the quality of fiber and amount of gums and waxes 
it contains. The solution is kept at boding point and the fiber remains in it about 
4 hours, again depending upon quality of fiber and amount of gums and waxes on it. 
Agitation, during the boiling, is by band with a w’ooden pole, as shown in the picture. 
Care must be used in stirring fiber to avoid tangling. 

Properly done, boiling in the degumming solution will soften and largely remove 
gum*, and waxes and leave fiber clean with stiength, luster, and other desirable 
qualities intact. 

Alter boiling, fiber may or may not be rinsed in a «;olution containing a chemical 
to neutralize caustic soda, depending upon procedure at mill. Sometimes mechanical 
agitation and plain water are used for neutralizing. 

Figure 9.—/T ashing. After boiling and neutralizing, fiber, while still wet, i^ 
washed thoroughly in clean water to remove any gum and wax which has been 
loosened but not removed during the preceding operations. 

Figure 10 .—Drying Degummed Fiber. After washing, the fiber is soaked in an 
emulsion of oil and water and hung over bamboo poles. These are suspended from 
open-air racks until fiber is dried. 

Figure 11 .—Sorting Fiber by Lengths. Fir:>t Step. .Viter drying, degummed fibei 
is run through a softening machine, sprayed lightly with an emulsion of oil and 
water and aged in a humidifying loom for about a week. Fiber is then taken 0 
fiber preparation room to be sorted by lengths. 

The first machine, into which fiber is being fed in the picture, is called a Large 
Filling Engine. Fiber is given first combing on this machine, lieing caught onto 
a large dnim at the back of the machine by means of teeth placed in single rows 
at intervals across the surface of the drum. Fiber is then cut into 12 inch lengths 
and combed lightly again while still caught on these teeth. It is removed from the 
drum by placing smaU willow slicks across the center of the 12 inch lengths and 
doubling the fiber over the sticks. At this stage fiber is termed “fringe.** 
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Figuie 12.—Sortijig Fibei b\ Lengths, Second Step, The fringe, i.e., -tu*U 
^Mlh fiber over them, taken to a large machine called a dressing frame. Sticks 
with fiber n\er them are locked into place at the top of a large, ‘slowly re\ol\ing 
drum by an opeiator who stands on a high platfoim in back of the machine. Ends 
of fringes, just after the> have been locked into place, may be seen on the upper 
part of the drum in the picture. As the drum re\ol\es the ends oi the fringes, are 
brought into contact ^\ith rolls covered with wire teeth, which are located under die 
drum and which comb the fiber, removing the shorter lengths. 

When the dmm has made a complete revolution, the operator reverses the fringe, 
locking it into place again bv placing one end between two wooden slats. The 
willow stick*) are allov\ed to hang loosely against the length of the fiber. The> are 
removed bv a second operator when the reversed fringe reaches the front of the 
machine. ’A& the drum revolves, the length of the fringe is brought against the 
combing rnll^. In the picture, reversed fringe, hanging to its full length, may be 
•..een on the lower part of the drum as it is moving down tow’ard the combing roll. 
The operator ^tanchng to the left of the machine has just removed the willow sticks 
trom the reversed fringe. 

"^^hen the second revolution of the drum is completed, fringe is removed bv the 
Operator ^landing on the platform in back ot the machine. Slats holding enJ« ol 
trmge are loosened, a piece of light weight canvas laid over it and the fiber i<dled 
into the canvas. Operation of the machine is continuous. 

Shorter fibers are removed from the combing rolls in the form of laps and again 
‘lent through other filling engines and dressing machines to remove ihe shorte&t 
fibers. Thi? re&ults in '-orting fiber into 3 lengths: long, from the first dressing 
frame: medium, from the second dressing frame; and short, which is fiber from 
filling engines and second dressing frame. Sorting fiber b> lengths permits spinning 
of more even and stronger yarns. 

Figure 13.— Combed Fiber. Rolls of fiber from the dressing frame are taken 
to the picking room, where fiber is spread over desks with lifted, ground glass 
tops and any remaining imperfections picked out by hand with tweezers. Girls who 
perform this operation work very rapidly. As inspection of each fringe is completed, 
fibers are pushed together into the small bundles shown in the foreground of the 
picture. Each of these bundles is again given a rapid inspection and placed on 
the wooden rack seen in the picture. At this stage the fiber is knovrn as ‘'filasse.’* 
The bundles of filasse are placed in large shallow boxes and taken to the yam 
preparation room. Note that at this stage individual fibers have been complete!j 
separated from each other. 

Figure 14.— Forming the Lap. —"^Tien they reach the yarn preparation room, ihe 
Imndles of filasse are first weighed. If they are not of a specified weight, they are 
sent balk to the picking room to be remade. Ten bundles of filasse are then taken 
to a machine called a spreader, which forms a lap as the fiist step in yam preparation. 
Vt thi** machine, bundles of fila'^se are again weighed. They are then placed one 
by one. v\!di ends overlapping, on a narrow endless belt, which may be seen in the 
right foregioand of the picture. This belt carries the fiber betvveen rollers and 
under a series of gill pins, i.e., a kind of comb, which makes the fibers more nearly 
parallel to each other. The fibers are then fed in the form of a ribbon onto a large 
wooden drum. 

\^hen the last or tenth bundle is placed on the belt the operator laps the ends 
of the first of another group of bundles over the ends of the last bundle and pinchet 
these tv\u ends together, causing the lap to become narrow at that point. When 
this narrow place appears on the drum, it is a signal to the operator that an entire 
lot of bundles has been made into a lap and is ready to be removed from the dium. 
The operator in the picture is removing a lap from the drum, an operation requiring 
considerable skill as the work must be done in such a manner that the arrangement 
of the fibers is not disturbed. The lap is carefully folded as it is removed and taken 
to a setting frame. 

Figure 15.— Forming the Siivef. The lap is fed into the setting frame through 
a series of rolls and under gill pins w’hich reduce its size and continue the process 
of arranging the fibers more nearly parallel to each other. The lap is also twisted 
‘'lightly, forming what is known as a ‘^sliver*’. Picture shows sliver coming from 
machine. Note that the machine puts a crimp in it. This helps hold the fibers 
together. Sliver is coiled in tall cans for transferring from one machine to another. 
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Figure 16 .—Dramng oi Doubling, beveidl bli\(r^ die ted into d didwing Irdme, 
du operation -whicli is sometimes termed doubling. The slivers pass between roll' 
dnd undei gill pina which first combine them into one sliver and then decredse the 
size ol this blivei bv drawing it out to a greater length. A small amount of additional 
twist is then put into it. This opeiation is repeated ds often as nece^ary for the 
size 111 vdrn that i' to be 'pun in lelation to the qualitv and size of fibers being used. 

Figure 17 .—Making the Rating, \ller the sliver, a' a result ol diawing, is ol 
pioper «ize and densitv, it is fed into a loving frame which again reduces it in size 
and puts additional twist in it. The result is called roving. As the roving is formed, 
it is automatically wound onto a wooden spool. 'When aU of the spools on a rack 
are tilled, they are removed fiom the rack and empty spools substituted. 

Depending on the fineness of the yarn to be spun, roving may he fed through 
a second roving frame to reduce it still further in size and to increase the twist. 

The spools ol loving. when properly formed, are then taken to the spinning 
tiame where the roving ib again reduced in size and twist increased. The rebult 
IS termed yam. \s it i*' spun, varn is automatically wound onto braall wooden bobbins. 

Figure 18.— Ifeavmg. Alter spinning, warp yams, that is yarns which run 
lengthwi^ the fabnc, must be starched to give them additional body for the weaving 
process. This starch is later removed from the finished fabric. After starching, 
w’arp yarns are wound onto a large cylinder which is locked into place at the back 
of the loom after the ends of the warp yams have been threaded through the eyes 
of a series of very narrow pieces of steel, called *'heddles”, which are fastened into 
a frame called a ‘"harness”. Two or more harnesses are used in weaving. The 
mechanism of the loom lifts the harness in turn, thus holding the warp yams apart 
and allowing the shuttle to carry the filling, that is cross-wise yam, back and forth 
to form the fabric. 

The loom in the picture is making a plain weave fabric, using two harnesses. 
The fabric being made weighs 4 ounces per square yard. Mr. Goro Kawasumi. 
president of Toyo Sen-i Company, the firm owning the mills in which these picture*- 
were taken, is observing the loom in operation. 

Figure 19 .—Products Made Jrum Ramie, A large number ot yarns, twines, and 
cordage fabrics, all made from ramie, are on the table. A mg made entirely from 
ramie ib on the floor. \ coil oi fire hose made Irom ramie yara« being carried 
onto the scene. 
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JUTE—FROM FIELD TO FIBER IN PAKISTAN 

Elton G. Nelson 

Neaih all the jute and builap used in the Lnited States cornea fiom 
Pakistan and India—^halftsa} around the ^vorld. It ^^3^s this distance 
and the tlireat of World War that stimulated the elFort to produce a 
substitute in the Western Hemisphere for this versatile commodit). That 
substitute ^vas kenaf. Kenaf pioduction and piocessing is being mecha¬ 
nized but since hand-produced jute still sets the pace, it is important to 
know how it is growm and maiketed. 

Most of the jute in Pakistan and India is giown b) small faimeis 
and it is theii principal cash ciop. They ha\e only a few acres and 
their farm implements aie simple. They grow jute much as their fore¬ 
fathers did. The land is plowed with a crude wooden plow drawn b\ 
o\en. The seed is planted, the crop is thinned and weeds aie pulled— 
all b} hand. At harvest time the crop is cut with hand sickles. The 
stems are cut near the ground and tied into small bundles, either with 
strips of jute bark or hand-made twine. These bundles are usualh left 
in the field for a few da^s. until the lea\e& fall olF. Then they are taken 
to nearby pools or to slow"-mo\ing water along the edges of ri\ers for 
retting la process of fermentation). This process takes from 10 da}s 
to 3 W'eeks, depending on the malurit\ of the stems and the temperature 
of the water. Remo\ing the stems at the proper time is one of the most 
important factors in the production of good-quality fiber. When the 
jute farmer decides his jute is sufficiently retted, he wades out into the 
water, removes a bundle, unties it. and beats the base end of it with a 
small paddle-shaped club to partly loosen the fiber. Then, still standing 
in the water, he strips oft the fiber by hand and washes adhering bark 
and other foreign material from the fiber by flicking it over the surface 
of the wrater. There are modifications of this procedure but the one 
described here is most common: all jute in Pakistan and India is stripped 
by hand. 

Jute is dried by hanging it o\er bamboo frames. When it is Jr\. 
it is tied into bundles for the market. From the farmer to a middleman, 
on to another middleman, etc., jute is e\entually accumulated at the 
baling centers. It comes in b\ oxcart or b\ small ii\eiboat&. either 
propelled by hand or by sail. 

Jute is usually soiled and baled twice—first into '^kutcha'* bales 
for local transport, and second into "'pucca'* bales, for export. The 
kutcha assortment I preliminary grading) consists of top, middle, bottom, 
and cross-bottom and i^ expressed as one of these grades in connection 
with the town from which it originates. At this stage the fiber mo\e& 
in bales weighing 250 to 320 pounds. 

From the kutcha baling centers, jute usually mo^es to the pucca 
presses by rail, large rherboats and barges. As the jute comes into these 
large baling centers, it is gi^en a final sorting. Since the fiber from the 
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l)a&e ot the sstem usudlh bark}, 6 to li> inches is- cut ofi puoi to grading. 
The fiber is* then sepai ated into se\ eral gradeb according to color, strength, 
cleanliness, appearance, etc. For each l\pe of jute Ushite. tossa and 
Daibee) there aie about 10 grades, known as public marks, but in practice, 
baleib Ube their own private designation. Ab a lesult theie are more 
than a thousand different marks or brandb. The borted fibei for export 
IS prebbed into high-densit} bales, about 18 b} 18 h\ 48 inches, weighing 
100 pounds each. Nearh all jute that i'* shipped to foreign countries 
goes in pucca bales, but that going to the jute mills in Calcutta ib often 
tiaiibported in the low-comprebsion bales, e\en after the pucca assoitmenl. 

The Inited StatCb uses about 70,000 tons of law jute annual!}: most 
ol it is tossa. Corchorus olitoiius. \Se bu} the best qualit\ fiber a\ai!ablp. 

Burlap has nevei been manufactured in thi-^ countr}. l>ut we import 
about 250.000 tons annual!} fiom India. The builap used in the Lnited 
States is known in the tiade as hebbianb and i« made from a \er\ high 
qualit} white jute. C. capsiilaris. Lower qualities go into a much hea\ier 
material called sacking—which makes up about 45 percent of the output 
of India’s jute mills. 

The methods of pioducing jute in Pakibtan and India ma\ beem back- 
waid. ]Ne\ertheless these methods pio\ide us with high qualin fibei. 
4n^ bubstitute pioduced mechanicalh will be judged b} the btandardb 
established b} hand-stiipped jute. 

The series of pictuies which follow’ will gi\e a good idea ol some ot 
the more impoitant steps in jute culture and processing that ha\e been 
brief!} described abo\e. 



Figure 2.—Harvesting jute with hand sickles. (Photo courtesy Ludlow Mfg, & 
Sales Co., Boston.) 



Figure 3.—Placing jute in water preparatory to retting. Usually the leaves 
are allowed to dry and fall off before the stems are removed from the land upon 
which the crop was grown. 





Figure 5.—Preparing to pull fiber from upper part of stems. 
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Figure 8.—Carrying loose jute from riverboat to sorting shed. Dacca, Pakistan. 














Figure 15. —Coolie 
team carrying kutcha 
bale of jute, Nara- 
yanganj, Pakistan, 
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SODIUM AS A PLANT NUTRIENT 

Chester D. Leonard’*^ and Erxest C. Lundberg* 

The role of sodium (Na) in the physiology of higher plants has long 
been, and still is. a controversial one. This paper includes a fairly 
comprehensive review of the literature pertaining to sodium in this role, 
since little information concerning this element has been published to 
date in Florida. Certain experiments with Na which were carried out 
by the writers are also reported. 

LITERATURE REVIEW 

It is well known that Na is essential to animal life, Avhere it is used 
chiefly in the form of NaCl. Na is probably necessary to marine plant 
life, or at least to much of it. Osterhout ( 31) found it essential to several 
forms of algae. However, it has never been recognized as one of the 
essential or indispensable nutrients for the higher plants. Harmer and 
Benne 1,15 ) have pointed out that its presence in considerable amounts 
in plants has often been considered incidental, so Na has not been credited 
with any definite function in the metabolism of the plant. How^ever, 
Lehr of Holland (23) has emphasized two points of view in considering 
the importance of Na to plants: the botanic-physiological point of vieiv, 
which concerns itself with the presence or absence of deficiency s\Tnptoms 
in the plant when Na is withheld, and the agricultural point of view, 
which concerns itself with improving the yield and/or quality of the crop 
by adding Na to the growing medium. 

Gilbert (12) defines an essential or ‘^nutritive chemical element” as 
“one whose reduction in the diet results in decreased growth, structural 
abnormality, and possibly death of an organism, depending on the degree 
of deficiency, and whose total omission makes it impossible for the organ¬ 
ism to exist.” To date it has not been shown that higher plants cannot 
exist without Na. Therefore it does not meet the above requirements 
for an essential or “nutritive chemical element” under the botanic-physio¬ 
logical point of view expended by Lehr. On the other hand, many of 
those crops which show no deficiency symptoms when Na is withheld 
have been found to produce a higher yield in both the greenhouse and 
under field conditions when Na has been furnished, Na has been showm, 
therefore, to be of considerable importance from the agricultural point 
of view. Wallace (41) has classified it as a “l)eneficial” element for 
certain plants. 

Na is a soft, waxy, silver-white, metallic element of the alkali group. 
It is univalent, very active chemically, and forms a large number of 
important soluble salts. It occurs abundantly in the earth’s crust, ^vith 
3.71 NaoO in the outer ten miles of the lithosphere, according to the 
calculations of Clarke (7). On this basis, Na is the fifth most abundant 
mineral element in the earth’s crust, ranking behind Si, Al, Fe, and Ca. 
It always occurs in combined form in nature, as in halite (common salt), 
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Chile saltpeter, borax, glauberite. albite. diorite. and other Na-cair\ing 
minerals. 

Na has been applied to soils a& a fertilizer for many years as sodium 
nitrate, but its application was long considered mereh incidental to the 
application of nitrogen. 

Physiological RESPO^i>E of Plants to Na 
Color of Foliage and Plant Vigor 

Harmer and Benne (15) found that sugar beets fertilized with NaCl 
kept a vigorous, healthy green foliage longer than those without NaCl. 
Mangels fertilized with Na applied as NaNOs develop what Lehr (24i 
calls the ^‘Na-Upe’** of top with spreading foliage and light green coloi 
with abundant leaves, whereas calcium nitrate develops the "''Ca-t}pe“ 
of top with compressed growth habit and dark green color, but with earh 
^\ithering of outer leaves. 

Sayre and Vittum i 34) found that table beets grown with an adequate 
supply of Na de\elop leaves that are brighter green in color and much 
more palatable as to flavor than those grown without it. Table beets 
receiving Na also developed large, strong tops which stood erect and 
were much better adapted to mechanical har\esting. 

Tomatoes, corn, and wheat growm in sand and solution cultures de¬ 
velop thicker, fleshier leaves with a higher water content when an abund¬ 
ance of Na is furnished them (18, 6). Tomato plants grown in sand 
cultures wnth high-Na nutrient solutions display reduction in cambial 
acthity, maturation of smaller cell*?, and relatively thicker walls in xylem 
elements and mechanical cells. 

Disease Resistance 

On organic soils, Na-responshe crops show less damping off in earl\ 
growth, and the beet crops develop less black rot later on, when NaCl 
is applied along with K. Beet crops receiving NaCl show more resistance 
to attacks of leaf spot iCercospora beticola) and celery shows more re¬ 
sistance to blight iSeptoria petroselini appli). The greater gloss of leaves 
of these crops produced by NaCl is possibly due to an increased wax\' 
secretion which may account for the increased disease resistance < 151. 

Decreased Wilting in Hot, Dry Weather 

Harmer and Benne <15) report a decrease in e\aporation from the 
soil following the application of NaCl. They found that on an organic 
soil, the surface of a salt-treated soil stavs more moist with tlie result 
that the soil is less subject to blowing b} high winds than is an unsalted 
soil. 

Keeping Quality of Crops 

Celery receiving NaCl as a fertilizer has been found to be crisper 
and to stay in better condition when exposed on the market 1151. 

Effect of Sa on Absorption of Other Ions by Plants 

Collander <8) found that a given plant species will exhibit a cim- 
sistent type of selective absorption of several ions, but that there were 
wide differences in the relative selectivity among various species. All 
halophytes but one were distinguished ty their accumulation of Na. 
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^^hered& plants like buckwheat, corn, and sunflower were noted for their 
pronounced exclusion of Xa. Collander stresses the ver> complex nature 
of the selecthe salt absorption of higher plants. Yan Itallie <391 found 
that the Na uptake depends chiefly on the uptake of K. 

In general, the intake of a nutrient ion b\ the plant increases as ihe 
concentration of the ion increases in the growing medium. This has 
been shown b} numerous workers. 

The absence of Xa in the nutrient medium of Xa-responsi\e crops 
has been found to increase the absorption of K <2. 11. 15, 261. In the 
absence of K, however, it is e\ident that Xa i* unable to take over some 
of the important functions of this element, and a ph\siological break¬ 
down results. In some cases the addition of Xa to the nutrient medium 
will increase the intake of K b> the plant (11. 6. 37). In a cla) soil. 
\a intake by plants was found to be higher with a high level of calcium 
<*arbonate. probabh because of Xa displacement from the exchange 
complex b} Ca of the carbonate (37). 

The effect of Xa on absorption of other ions varies with the nature 
of the accompanving anion. Breazeale (5). found that XaCl in concen¬ 
trations up to 1000 ppm. in a nutrient solution did not affect the absorption 
of phosphoric acid b\ \oung w’heat plants but decreased slightly the ab¬ 
sorption of potash. Sodium sulfate in the same concentration depres'-ed 
the absorption of potash and phosphoric acid to about 70 percent of that 
of the control. Sodium carbonate, on the other hand, in a concentration 
of 1000 ppm., reduced the absorption of potash to 20 percent of that of 
the control and the absorption of phosphoric acid to 30 percent of that 
<i{ the control. The depressing effect of sodium carbonate was evident 
in concentrations as low as 100 ppm., and was marked at 300 ppm. 

It has been noted in certain crops that die lotal milliequivalent content 
or “cation suni“ of the four bases K, Xa. Ca. and Mg lend to remain 
fairlv constant (15, 40), but marked deviation from a constant value is 
encountered with some Xa-responsive crops v\hen they are provided with 
an abundance of tlie element. 


Yield Respoxses of \ 4riols Crops to X \ 

MangeU 

Mangels have been found to produce large increases in vield v^hen 
fertilized with Xa (1. 13, 22. 24. 25), even when large amounts of K 
are also added. This is shown by a pot experiment of Lehr, some results 
of which are reported in Table 1. Lehr (22) concluded that bv the use 
of Xa fertilizer, a notable saving of pota&h fertilizer mav be made on 
thi^ crop. Ill his experiments, the vield of roots with sodium nitrate 
and no K was 20 to 30 percent higher than that produced with either 
calcium nitrate or ammonium nitrate at anv level of K. Harmer (13i 
obtained similar large increases of mangel vields with XaCl on organic 
'-oils ill ilichigan. 


^ii^ar Beets 

Sugar beets show a marked response to Xa fertilization, but there is 
oiten an accompanving lowering of the apparent puritv coefiScient 

percent total sugars x 100 - , , . . i- .i,. oo o-* t 

'- -, , 1 .. 1 “ 1 -- of the beet juice ) 13. \o. 20. 2u, .>0 <. In 

percent soluble solids bv wt. 

spite oi lower puritv of the juice. Lill. Bvall, and Hurst i2o) found that 
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the total lecoveiahh ^ugar mcieabed ^vith each addition of ^aLl fiom 
250 to 1000 Ibb pel acre Selman (15) lepoits that ’NaCi mu^t l>e u^ecl 
with pho'^phate and KCl foi highest Melds of loots 

1 Vbf E 1—\IFLI)S or XU^CLLs IN GRMIS Di\ ’WllCHl III Poi WITH Thiei 
\rrio(tN FcKTiii/rRs vnd \ \R\rNi Potassilni (\^oik of IiHr» 




N imal 

\ei\ Hull 


1 k 

k 

k 

ROOTS 

NaNO 

919 

99 0 

106 •) 

Ga(^OJ 

63:) 


■>9f 

NHAO 

‘^40 

6^9 

^.40 

I OPS 

’NaNO 

oo 6 

^9 7 

bU 

Ca(^0 ) 

47“ 

42“ 

43 0 

^H4^0 

46 1 

18 6 



Cotton 

The \ield of ^eed cotton has been found to be mateiialh inci eased 
b\ \a feitilization using either sodium nitrate oi common salt (9, 10 
20 29) Mathew V (29) found that the a\eiage inciease due to Jsa wa«i 
40 peicent of that due to K When 32 lbs K_0 was applied pei acre 
additional INa failed to inciease \ields 

Table Beets 

This crop pioducecl a maiked }ield increase when feitilized with ^a 
(13, 14, 15 33, 34) Sa^re and \ittum (34) also found that the use 
of 500 lbs of NaCl pel acre on table beets, together with a hea\iei than 
normal rate of planting would produce a gieater percentage of the 
higher priced small beets without reducing total jield of roots Some 
\ields of table beets with and without ]\a aie shown in Table 2 

TABLE 2 —61e4r A\tR4GE Fields of T4blf Belts GRO'w^ on Mlck Soil in 
MiCHIC4N with \ ARliINC AmOLNTS OF ^4 4ND K IN THE FerTIII/TK I'^XoPk OF 
H4RMER) 


teitilizei Application Each Aeai 

Aearh NaCl 

\ield ot Rc >t' 

600 Lbs Acre 

1 Ls Applied 

Ton" Acre 

0824 

0 

10 4 

0824 

iOO 

19 o 

0824 

1000 

219 

0812 

■>00 

18 2 

084j 

0 

ro 

080 

■>00 

6 6 

Turnips 




Substantial inci eases m Meld of turnips ha\e been obtained (13 14) 
b\ adding either 5(X) oi 1000 lbs of \aCl pei acie to oiganic soil in 
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the held (Table 3) I aiae aio^vth ha\e J 

-and culluie < 201 


obtiinet^ in 


Celen 

Haimei ll> 14> has obtained ''ub^tantial inciea-e-. m celeiv ehl b\ 
adiling eithei 500 or 1000 lb^ of ^aCl pei acie to oiaanic i i the 
held but ‘=iuch incieases weie ol tamed onl\ whei k fu 
I Table 3) 

TA.BLE 3—'iiFLDs uF Clllp^ Ch\id 4nd XiiMP- (jrro-\\ on Mi tk i 

\^ITH \ 4R1IN& A.N10LMS OF Na. A.ND k IN THF Ft-RTILI/LK OF H AT MLR I 


5earl\ Feitiljzei 

'iearh NaCl 


\ield- 1 n- \cn- 

600 LL«« Vcie 

Lbs 

Lelen 

iswis- lumip 

(laid 

U o 24 

0 

19 2 

1'“" ) 

()3 2i 

00 

2d i 

2h D 1 j 

0021 

1000 

2>d 

10 Hd 

0 812 

->00 

22 D 

2dd 11 > 

0 8 If 

0 

11) 

2d •) il t 

00 

lOO 

119 

1 - 


^iLiss Chard 

^aCl applied at the late of eithei 500 oi 1000 Ib^ pei a le to uigaiiic 
M)ik m the field hdb produced laige Meld increa^e^ of Chard 113 
14 15) aa> ‘'ho\\n in Table 3 It ^\ill be noted that an U8-24 feitilizei 
with no \aCl pioduced 17 7 ton^ of Swiss Chaid pei acie The same 
feitihzei plus 1000 Ib^ ^aCl pioduced 310 ton*- per acie 

Oats 

Holt and A oik < 201 obtained maiked Meld inciea^ of oatb in sand 
tultuies h^ adding ^a e\en aftei addina 141 Ib^ k „0 per acie 

Jf heat 

Sand and ‘solution cultuie studie-^ ha\e shown that wheat will lespoiid 
well to \a fertilization <4 6 20 i Butke\ich and 3 Idiuash\ili < 6 ) report 
that the Meld of wheat was mcieased h\ ^ a up to ^ a k latios of about 5 
then deciea'-etl TheN found that \a can be ‘-ubstituteil foi 25 to "5 
pei cent of the k without detiiment to plant Meld 

Barley 

lehi ( 24 ) states that baile\ lesponds well to \a \eiN much like tht 
lebponse of oats Richards ( 32 ) leports that Alullison and Mullison 
obtained consideiable inciease in di\ weight ot baile\ from Na 

Flax 

Some Meld mcieases m fld\ fiom ^a ^eitilizition hd\e been leptnUd 
hx Haitwell and Damon (17) 

Radish 

^a saltb incieased giowth of ladish as with limited k but the benefit 
ceased when ample k was supplied ( 1 ) 



Other Crops 

Varioui^ worker* have reported little or no increase in )ield from 
\a I'ertilizalion of onions, cabbage, parsnips, carrots, potatoes, corn, 
vetch, tomatoes, rice, giant summer squash, soybeans, rutabagas, cucum¬ 
bers, and chicory. Differing experimental conditions may? however, 
produce different results. Leonard and Bear (26) found in a field 
experiment tliat 265 lbs. Xa20 per acre, applied to the soil in the form 
of coimnon salt both with and without 100 lbs. Ki»0, increased yields of 
tomatoes to a point closely approaching the level of statistical significance. 

Ge^ER4L CL4SSIFICATI0^ OF CROPS WITH ResPECT TO ThEIR ^A RESPONSES 

Harmer and Benne {15), after extenshe review of the literature, have 
classified those crops on which Na has been tried as a fertilizer into 
tentative groups as showm in Table 4. 

TABLE 4—Tentative CL\ssiric4TioN of \ 4rious Crops with Respect to Thliii 
Response to Na Fertiliz4tio\ (by Hvrmer 4ND Benne). 

A. Crops benefited b} Na with deficiency of K. 

Group 1. None to very slight benefit. Buckwheat, com, lettuce, onion, parslev. 

parsnip, peppermint, potato, rye, soybean, spinach, strawberry, squash, 
sunflower, and white bean. 

Group 2. Slight to medium benefit. Asparagus, barley, broccoli, Brussels sprout, 
flax, caraway, carrot, chicory, cotton, millet, oats, peas, rutabaga, 
tomato, vetch, and wheat. 

B. Crops benefited by Na with sufficiency of K. 

Group 3. Slight to medium benefit. Cabbage, celeriac, horseradish, kale, kohlrabi, 
mustard, radish, rape. 

Group 4. Large benefit. Celery, mangel, sugar beet, Swiss chard, table beet, 
turnip. 


Some Theories Advanced to Explain the Beneficlal Effects 
OF Na on Plants 

Many different theories or explanations for the benefits to plants due 
to sodium fertilization have been advanced. Some of these are listed 
below. 

Na can participate in maintenance of ionic balance in the cell sap, 
Arnon (2) suggests this theory’. Lehr (23) also emphasizes the importance 
of ionic equilibrium in the plant. 

Na serves as a replacement for K in the plant, or a substitute for it. 
Various w’orkers support this view' (10. 15. 20. 25, 30). Lehr (25) found 
that good production of mangels is impossible without Na. Holt and 
\olk (20) conclude from their w'ork that Na functioned as an essential 
plant nutrient for some crops, notably oats, wdieat, and sugar beets. 

Na may have a function independent of K in the plant. Lehr (25» 
takes this view’ with respect to mangels. He believes that Na does not 
serve as a replacement for K w’ith this crop, but is essential for its proper 
growth. 
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Xa servers to bring about equilibrium of caliotn in the plant. Lehr 
{251 states that in llie equilibrium of cations, the cleci«i\e factor is the 
e\act proportion rather than absolute quantity. Ht‘ foun<l that both K 
anti Nd exerted a strong influence on the acthitv of Ca. Gariiian llOi 
feel:? that Xa may function activeK in o-ter-all ionic balance and buffer- 
capacity relationships within the protoplasm. Related \ieus art^ expr<*^sed 
by Van Itallie 138. 391 and b\ Bower and Pierre ‘3i. 

decreases evaporation from the soil sur face. This effect wa^ noted 
b\ Harmer and Benne 1151 from XaCl applications. 

\a may free A or other plant nutrients in the soil by exchange and 
thus increase the amount of available nutrients. Lehr i23» discounts 
this theor}. It is e\ident that if K can be exchanged by Xa in the soil, 
it is already available to the plant. On the other hand, if the K is fixed 
in the crystal lattice of minerals, it cannot be released by X'a. since X’a 
cannot occupy the place of K in this position. 

Va increases the osmotic concentration of the cell sap. Carman ll0‘ 
haa suggested this lheor\. Other workers? 114. 16, lot stale chat dii« effe(‘t 
cannot account for the benefits of Xa. 

Xa antagonizes the toxic effect of other elements or salts in solution, 
Osterhout (31» found this action important in algae. Richards < 321 
expresses his \iew of the most likely relationship of X'a to K as follows: 

‘‘Sodium cannot perform the primary essential function of K. When 
the K level is too low to exert this function adequately, toxic accumula¬ 
tions of other elements may occur, producing characteristic symptoms 
and reducing grow'th still further, or e\en leading to death of the plant. 
\d may hinder or entirel) suppress such accumulations, thus improving 
the general condition: it may also increase phosphorus uptake with either 
favorable or detrimental results. In some plants, such as barley, however. 
\a may itself accumulate to toxic levels, resulting in secondary injury 
of a modified type: but in others (beet, mangeli higher internal con- 
(‘entrations are tolerated and considerable improvement results. In these 
plants X'a may exert a beneficial effect e\en when the K supply is suffi¬ 
cient!} high not to limit growth directh; but in barley at high K levels 
large increase& in \ield due to X’a are not found, although the plant type 
is again modified in its presence. The toxic effects postulated may indeed 
he due to unbalanced values of the internal cation ratios, but probably 
are due largely to direct accumulations.” 

Xa increases availabilit} of phosphorus. OnK indirect e\ulence has 
been advanced to support this \iew. 

EXPERIAIEXTAL' 

Greexholse Experimext with Red Table Beets 

A greenhouse experiment was conducted to determine the \alue of 
Xa to red table beets. The test w'as made in 1"* ^-gallon glazed earthenware 
pots tilled with well-washed, quartz sand. Plants were grown from seed 
and thinned to fi\e per put. Xine nutrient solutions were used, with 
three levels of K and three of X'a at each K level. Except for \arialions 
in K, each solution contained a halanceil supply uf all known essential 

^ Part of tht* work repoited in this section was < an*ied out in Xew Jerst} anti was 
published in New Agricultural E\pt. i^ta. Bui. 752. Oeti»l»er 1950. 
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r\13LE 5—l)l{\ ^CIGRT OF TaBLL BLETb GkOT\N in liVND CllILRE NVITU \ NR’iJNL 

Le\lls of Na aad K. 


Tieiilipent — ppm. ___ Y ield in Grams 


Nd 

_ 

K___ 

j_ 

Roots 

0 


195 

24.94 

.38.90 

23 


195 

25 15 

37.95 

115 


195 

24.55 

32.41 

0 


20 

13.20 

10.08 

23 


20 

17.17 

19.90 

115 


20 

28.13 

31.05 

0 


4 

3.56 

0.35 

23 


1 

13.83 

6.13 

115 


1 

25 30 

3.31 


plant nutrients. ALout hvo quarts of solution was applied to each pot 
daily by the continuous-drip method. After 2"^o months of growth, the 
plants ^vere harvested. Yields are shown in Table. 5. The best growth 
w'as obtained with the high-K level 1195 ppm.). Addition of Na at that 
le\el produced no increase in yield. The medium-K level (20 ppm.) 
was not sufficient for best growth, but addition of Xa at this K level 
resulted in marked increases in }ield of both roots and tops. Addition 
of a medium amount of Xa to the medium-K culture nearly doubled the 
\ield of roots, and application of more \a ga\e an even larger increase 
in yield. 

TABLE 6.—A4 \nd K Comlnt of Table Bllis Gllow^ i.n S4nd Cultlre. 


Treatment - 

-ppm. 

~ 

Na 

_K 

Na 

0 

195 

0 

23 

195 

74 

115 

195 

143 

0 

20 

10 

23 

20 

120 

115 

20 

321 

0 

4 

3 

23 

4 

136 

115 

4 

302 


m.e per 100 gms. 




Roots 

K ■ 

Nd 


291 

1 

103 

215 

7 

94 

173 

20 

90 

68 

2 

69 

32 

37 

61 

18 

84 

46 

42 

i 

78 

19 

57 

25 

19 

100 

13 


" Milliequhalents in 100 grams of o\en-dr> tissue. These are expressed as 
milliequivalents because K and Na do not replace each other gram for gram but in 
proportion to their combining weights. Thus 39 parts K are equivalent to 23 parts 
Na. To comert milliequivalents K and Na to percentages, multiplv b> 0.0391 and 
0.023, respectivel>. 


The beets in the low-K and no-Xa culture w ere very small. Addition 
of Xa produced marked increases in yield of both tops and roots at this 
level of K. hut growth was still not .satisfactory Obviously, more K 




than Avas supplied in this treatment Avas needed for normal groAvth. This 
indicates that Na performs onI\ paiL of the functions of K in the nutrition 
t^f beets. 

The Na content of both tops and roots increased consisleiilly with 
each increase in Na at all three le\els of K in the nutrient solution, as 
shoAvn in Table 6. At any giA'en level of Na. its content in the beets 
increased as the K content of the nutrient solution Avas reduced. Like- 
Avise. the K content of the beets decreased Avith increase of \a in the 
nutrient solution. This indicates a replacement of K bA \a. 

Greenhouse Experiment with Celer\ 

In another greenhouse experiment, celery Avas groAvn in sand culture 
Avith three levels of K (195^ 39. and 8 ppm.). In the pots receiAing the 
two lower leA’els of K, the difference betAveen that leAel and 195 ppm. 
K Avas replaced by an equivalent amount of Na. The three treatments 
Avere as folloAvs: Zero Na and 195 ppm. K; 92 ppm. Na and 39 ppm. K: 
and 110 ppm. Na and 0 ppm. K. The celery >ield increased as the K 
Avas reduced from 195 to 39 ppm. and replaced by an equiAalent amount 
of Na. These increased yields Avere maintained Avhen the K Avas further 
reduced to 8 ppm. and replaced by an equivalent amount of Na. Simi¬ 
larly, the Na content of the celery rose rapidly and the K content de¬ 
creased. Results are shown in Table 7. 

TABLE 7.— Dra Veight op Tops and Na \^D K Comlnt of Cellra Llwes Grown 
i\ Sam) Cultlre 4t V\rain(, N'a and K Leaels. 


Treatment 

K 

ppm. 

T ield of Tops _ 


Composition 

Na 1 

ppm,_ 

^ gms. 

Na 

m.e. 

1 

m.e. 

0 

195 

59.2 

0 

135 

92 

39 

67.2 

87 

42 

110 

8 

69.1 

143 

17 


.Milliequivalents per 100 grams iUa tissue. 

Outdoor Pot Experiment with Spinach 

An outdoor pot experiment Avith 18 different treatments of Na and 
K, each in triplicate. Avas carried out Avith spinach, using Sassafras loam 
soil from a location which had not been farmed for many years. The 
top 7 inches Avas topsoil, and the rest subsoil. The topsoil was brought 
to pH 6.5 by applying a mixture of calcium carbonate and magnesium 
carbonate at the rate of 6000 lbs. per acre. Each pot received an applica¬ 
tion of ammonium nitrate equiA^alent to 100 lbs. N per acre, and mono¬ 
calcium phosphate equivalent to 100 lbs. PiiO,-, per acre. Boric acid 
equh’alent to 20 lbs, of borax per acre Avas also applied. 

K Avas applied as KCl at six different rates—0, 25, 50. 100, 150. and 
200 lbs. KoO per acre. At each of these K levels. Na AA^as applied as 
NaCl at three different levels—equivalent to 0, 100, and 200 lbs. KoO 
per acre. The spinach Avas thinned to five plants per pot. 
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lields 

At the 0, 25. and 50-lb. le\els of k^O. bignihcant to higliU siginficanl 
\ield inci eases ^veie obtained fiom both the 100- and the 200-lb. le^eh 
of Na. At the 100-lb. le\el of K^O. onh the 200-lb le\el of Na pioduced 
a significant ^ield inciease. \t the 150- and 200-lb K_0 le\els i\a failed 
to produce a significant inciease in \ield 

Compaiison of the mean fields of each gioup of 18 pot-^ leceumg 
the same le\el of Na (disiegarding the diffeient K tieatments) shoi\5* 

(a> The 100-lb. Na le\el ga\e a highh significant inciease 11^^ point) 
o\er zeio Na. 

ibl The 200-lb. Na le\el ga\e a highl\ significant inciease o\ei zeio 
Na, and a sififnificanl inciease point! o‘ei 100 lbs. Na. 

The abo\e re&ults indicate that Na k of consideiable \alue a feitilizei 
foi spinach at low to raodeiate levels of K feitilization 

OtTDOOR C\LI^DER EXPERIMENT ^MTH SpIN^CH 

\n expeliinent with spinach, usina diffeient souices of nitiogen, was 
cariied out to deleiniiiie whether the Na in nitrate of soda had am value 
to this Cl op. Fne tieatment«; weie used, in tiiplicate. including Chilean 
nitrate of soda, chemicalh puie sodium nitiate. calcium nitiate, and 
ammonium nitiate. plus a check with no nitrogen. Each of the foui 
feitilizeis was applied at the lale of 100 lbs. N pei acie The c\lindeis 
weie 36 inches cleep and 22 inches in diametei. About 20 inches of 
subsoil was fii&t placed in each cylinder, and this was co\ered b> 10 
inches of tops<»il of Sassafias loam The soil was taken fiom an aiea 
that had not been ciopped foi mam \ears. It was in good ph\sical 
condition but was low in a\ailable plant nutiients. The cation exchange 
capacity was 8.0 m.e. per 100 giams of soil, and the exchange le\el of 
the \aiious bases in it was as follows: Ca, 0.29 m.e.; Nig. 0.22 m.e.; 
K. 0.44 m.e. per 100 giams. The soil had an oiiginal pH of 4.5. This 
was laised to pH 6 5 bv apphing the equhalent of 6000 lbs. of dolomitic 
limestone per acie in the foim of a mixtuie of chemicalh puie calcium 
caibonate and magnesium caibonate The lime was mixed with the 
uppei 6“ » inches of soil in each c\Iindei Each c\lindei also lecehed 
a basic tieatment of 100 lbs ot P_0-, pei acie applied a- mono-calcium 
phosphate, and also the equualent of 20 lbs. of boia\ pei acie. applied 
as biuic acid. No K was added to am of the c\linJeis 

Early Gioiith ot Crops 

Within a week alter the 'spinach plant" emeigeik it was Nei\ e\ident 
that both of the sodium nitiate feililizers weie fai supeiior to calcium 
nitrate and ammonium nitiate in piomoting giowth of this ciop at earh 
stages. The soil used in the test was low in a\ailable K, and the Na 
added in the sodium nitiate e\identh peiioimed some of the functions 
of K in these crops. 

There was little diffeience between the giowth pioduced commei- 
cial sodium nitrate and that with C. P. sodium nitiate. although a di«;- 
tincth hea\ier stand of spinach was obtained with the commeicial source. 
Both of these sodium-canting feitilizeis ga\e spinach a distinct boost 
in growth which stalled iminediateh aftei enieigence fiom the giound. 
Not onh did lhe\ produce a hettei <5tand on emergence, hut the\ also 
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jjioduced btiungei pldiib ^\hkl^ had a much highei peifenlace or aUiM\dl. 
Alam ol the plants i\hich came up in llie check CAlindt^is and in iho-e 
^ecenina either calcium nitiate oi anmioiiium nitrate dec nithin mo 
V eeks. 

} 

The >ield& ol the ‘=ipinach ciop aie ^ho\sn ni Table d. It ^\](kiit 
iiom the'-e data that ^odium nitiate waa fai '^upeiioi to eithei calcium 
Ol ammonium niUale unclei the condition*? ol tnit expeiiment. Since ihe 
amount of \ applied iva^- the bame with each leitilizei die large mcieascb 
in Meld obtained with the two sodium nitiale feitilizeis mubt be attiibuted 
to the effect ol the ]\a. This has e\identh '^el^ecl to bupulement the 
K needs of the plants wheie insufficient K wa'^ aiailahle lo them fiom 
the bOil. 

1 VBLE 8—'\IELD OF 'spinach GROW^ IN bVs&\FlL.As Lo VNI bOIL OlTDOOR 
CnLINDLRs WirH DiFFLRCNT NlXROCrN FrRTTI IZFR''. 


Tieatment 

A leld - Gm 

^ c ot Cher k 

XaNOs—Chilean 

23 5 

5211 

XaXOs—a P. 

219 

4860 

XH4NO3-C. P. 

18 

402 

CdCNOs)-C. P 

10 

226 

Check (NoN) 

0 1- 

1 

100 

J_ 


Dn y^t,^ mean of 3 leplication'^ 
L.S.D.. 397 gm. at 5% point: 
5.87 gm. at 1^ point 


Analysis of \ariance showed that the fields obtained with the two 
sodium nitrate fertilizers were highh significant (1^ point) over all 
other treatments. The difference between the \ields from commercial 
and C. P. sodium nitrates w as not significant. 


Plant Composition 

The compobilion of the spinach plants (tops) i& shown in Table 9 
TABLE 9—CoMPObiTiosi of Tops of SpI^ACH Crop Grow^ in S\bbAFRA& Loam Soil 

IN OlTOOOR ClLlNDERS WITH DIFFERENT [NITROCEN FERTILIZERS 


Treatment 

Na 1 

1 K 

Cd 

1 ^ 


m.e 

m e 

m e 

1 Percent 

Sodium nitrate iChil I 

' 112 

2^ 

45 

0 50 

Sodium nitiate (C P.) 

112 

22 

42 

0 56 

Vmmonium nitiate 

1 

27 

64 

0 45 

Calcium nitiate 

2 

19 

70 

0 40 

( heck < no N) 

0 

21 

66 

0 


me per 100 gms. o\en-di\ tibbut 

It is e\ident fiom the anal} sis of the spinach plants that the Sassafras 
loam soil used in thk e\peiiment contains \ery little aN ail able Na, since 
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the Nd content of the plants \\d& \ei} lo^\ e\cept wheie boclium niuale 
^\as used. The addition of sodium nitiate greath inci eased the content 
of in both tops and loots. There “was little fluctuation in K content 
of the tops, but the plants recei\ing sodium nitiate had considerabh less 
K in the roots than those recehing the othei treatments. The calcium 
content of the tops ^\as considerabl} leduceJ in the plants lecehing 
sodium nitrate. The phosphorus content ^vas gieater in the tops of tho'-e 
plants lecehing sodium nitiate. 

Oltdoor Cylinder Experiment ^ith Celery 

An outdoor cylinder experiment ivilh celei\ somewhat similai to that 
reported dbo\e foi spinach was also cariied out. In this experiment, 
onl) one sodium nitrate feitilizer, the Chilean nitrate of soda, was used, 
and the C. P. sodium nitiate was leplaced with potassium nitiate. Each 
ol the four X feitilizers was applied at the late of 100 lbs. A per acre, 
and a second application was made thiee months latei because of a deld^ 
in obtaining celeij plants. It was believed that much of the Xa and X 
liom the first application had been lost b^ leaching. 

Before the fiist application of nitrogen feitilizer, each c\lindei le- 
cei\ed a tieatment of 50 lbs. KjO pei acie as kCl, 100 lbs. PjO-^ as 
mono-calcium phosphate, and the equhalent of 20 lb<. boiax pei acie 
as boiic acid. 

} ieldi> 

The ^ield'. of celei) lops aie shown in Table 10. 

TVBLE 10 — "iiiLD OF CiLi-R’i Top^ Grown in S\ss\fr4s Lo4.m boiL in Oltdoor 
CnUNDLRs with DiFFLRLNT NiTROGLN FLRrillZFRs 


Treatment 


Green eight 

Drv eight 

_ 100 U);;^X 

_ 

gm 

1_ gm. 

Chfcck No N 


521 

73 0 

XaXO —Chilean 


14.15 

16LJ 

KSO^ 


1472 

169.3 

Ca <NO I..4H.0 


105 

57 3 

XHAO 


535 

466 


It will be noted that the dift'eiences in Nielcl between sodium nitiale 
and calcium and ammonium nitrates are not so large as the> weie with 
spinach. This is not because celei\ responds less to sodium as a fertilizei. 
but lather because of the 50 lbs, of KjO added to all cylinders. Xo K 
was added to the spinach. These data show that sodium nitiate was as 
effective as potassium nitrate, and far more effective than calcium nitiate 
or ammonium nitrate, in incieasing celery growth. It is e\ident that 
Xa has quite succe&sfulh supplemented K in the celer\ plant. Thi*! is 
in agreement with lesults obtained with celer\ in sand culture work. 

Composition 

The composition of celer\ tops is ghen in Table 11. 

These data show' that the plants receiving commercial sodium nitrate 
contained much less K than those recehing potassium nitrate, and also 
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r\.BLE 11 -Composition or Tops oi Ciuja PLV^^s Crown in S\iss\fR\s Low 
Soil n Olidoor CNLI^mRs 'with DirFJitiNr Nitkogln Feriilizers. 


Iiedtnit*nt 

^a 

K 



m e 

m e 


Check—\a N 

11 

21 

127 

Sjtlium nitidtp (Chilean > 

173 

18 

82 

Pota^‘'ium nitiate 

46 

90 

85 

Cdicmm nitrate 

16 

28 

IS5 

Vmmonium nitrate 

20 

33 

135 


m p. per 100 a:ram& oven dr> tissue. 

lebs thdia the plants lecehing the othei tieatments. Because of the much 
higher }ield of the sodium nitiate plants. ho\\e\er. ihev took up inoie 
total K than the calcium nitrate, ammonium nitrate, or check plants. 

Some comparisons of total intake of K b\ the celerN plants leceivina 
different tieatments aie lecoided in Tabl(‘ 12. 

TVBLE 12 — VcsORPiioN or K ii\ Cilir\ Pr\Nrs Grown in Towt buiL 

WITH Buffrcnt NiTRO(ri\ Flriiii/tr^ 


luatment 

K/gm. 

Ill e 

^lelJ Drv 

gm'5 

Total K 
<2)x(3i 

Check 

.239 

730 

17.4 

^a^O„ 

.179 

161.0 

28 8 

K^O 

900 

169.3 

152 4 

Ca(^OJ. 

.281 

57.3 

16.1 

\HNO 

.332 

16.6 

15.5 


These data show that the celery plants lecehing potassium nitiate 
took up more than fi\e times as much total K in the tops as did those 
recehing sodium nitiate. Specifically, 152.1-28.8, or 123.6 m.e. more 
K was absoibed b^ the potassium nitrate plants than b> the sodium 
nitrate plants. To balance this large diffeience in K uptake, the todium 
nitiate plants absorbed a total of 278 m.e. Na. The potassium nitrate 
plants, on the other hand, absorbed a total of onH 78.0 m.e. >ia. The 
difterence between these two amounts is 200 m.e. of Na, which for all 
practical puiposes (as far as >ield is concerned) completely peiformed 
the functions of the extra 123.6 m.e. of K taken up by the potassium 
nitrate plants. Since k outweighs Na 39.1 to 23, 123.6 m.e. of K weighs 
4.8 grams, wheieas 200 m.e. of Na weighs onl\ 4.6 giams. Thus the 
extra K absorbed b} the KNO:i plants was satisfactorily replaced by a 
slightl) smaller weight of extra ^a absoibed by the plants iecei\ing 
\aNO 3 . 

Studies with R 4 dioacti\e (^ 4 -“> 

Se\eral studies were made with radioacthe Na (Na--). This is an 
isotope of ordinaly Na and is produced in the c\clotron from magnesium. 
It is unstable and displays radioactivity as it disintegrates, with emission 
of beta and gamma ladiations, to form neon, an inert gas. It has a 
half-life of three years. 
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When Aa““ is fed to plants in solution it is absorbed by them like 
ordinary Na. Its presence in very small concentrations in any plant part 
can be detected by using a Geiger counter. Since the radiations emitted 
by Na-- will darken a photographic film, a radioautograph showing dis¬ 
tribution of the Na-- in a leaf or other plant part containing the isotope 
can be made by exposing the film to the plant part in the dark. 

In one lest, a tomato plant was grown to maturity in sand culture, 
using a complete nutrient solution wiSiout Na. One microcurie- of Na-- 
was supplied to the plant 7 days before harvest. Table 13 shows the 
concentration of the isotope in the various plant parts. 

TABLE 13. —Accumulation of Na~ in AIatcre Tomato Plant After Treatment 
IN Sand Culture with 1 Microcurie of the Isotope. 


Plant Part CP.M - 


Petioles, large new lt*aves . 15,600 

Growing point . 10,000 

Large new leaves . 5,800 

Petioles, old leaves . 2,800 

Old, mature stems. 3,100 

Old leaves. 800 

Green fruit, ’*4 inch diameter. 7.700 

Green fruit, 2^2 inches diameter . 3,300 

Large newly ripened fruit . 3,100 

Dead-ripe fruit . 2,000 


Counts per minute per gram dry tissue, as measured in plant ash h\ Geiger 
counter. 


It is obvious from these data that the younger parts of the plant con¬ 
tained the larger amounts of Na-^. With increasing maturity, the leaves, 
stems, and fruit contained less Na-“. The conducting tissues contained 
the highest concentration of the isotope, as shown in the petioles of large 
new leaves. 

TABLE 14. —Rates of Absorption of Na~ by Tom.ato Plants Grown in Pot 
Culture and Treated with 2.5 Microcuries of the Isotope. 


Hours ! 

195 K 

Leaf 

1 1 

1 No Na ' 

» Petiole 

8 K 

Leaf 

I no Na 

j Petiole 

"a 

0 

0 i 

0 

0 

^ 0 

0 

34 1 

0 

72 

i 

0 

I 89 , 

56 

-148 

3 

0 

176 ' 

630 

879 

18 

96 

363 

2676 


42 , 

273 

' 

4473 

6465 

66 

591 

^3 

7506 

11124 

90 1 

765 

' 747 1 

3354 

4221 

94 

339 

282 

1_L 

3933 

18357 

1_ 


®One microcurie is the amount of the radioisotope required to emit 2,200.000 
radiations per minute, or 37,000 radiations per second. 
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In anotlier experiment with radioactive Xa. tomato plants were grown 
in sand cultures at three levels of K and .\a until they vv'ere 4 feet high 
and were bearing small green fruit. Radioactive Na-- was applied at 
the rate of 2.5 microcuries to the surface of the sand in the pots and 
watered in with the same type of nutrient solution that had been supplied 
previously to the plants. The first mature compound leaf below the 
growing lip. normally about 6 inches away. wa& collected and separated 
into leaflets and petioles. Movement of Xa-- into the leaves and petioles 
sampled is shown in Table 14 for the highest and lowest levels of K. 

The figures given in the table represent counts per minute per gram 
of dry- tissue, as measured in the plant ash with a Geiger counter. 

X'o movement of Na-^ into the petioles of the first mature leaf was 
noted until one-half hour after it was applied to the sand. Translocation 
of Xa-- from the petioles into the blades of the leaflets in detectable 
amounts did not accur with the high-K and no-Xa treatment until some¬ 
time between the 3- and 18-hour sampling periods. With the low-K and 
high-Na treatment, however, the presence of Xa-- in the leaflets was noted 
after 1 hour. The intake of Na-- was considerably greater in the iow-K 
treatment. 

In work reported elsewhere, Leonard and Toth {'271 found appreciable 
concentrations of Xa-- in celery leav’es and stems only 15 minutes after 
application of the isotope to the nutrient medium. Xa-- was found to 
be concentrated in the plant sap of tomatoes, radishes, oats, and lettuce 
where from 57 to 91 percent of the absorbed Na-^ was found. 

Stewart and Bear (36) made radioautographs of Ladino clover plants 
fed Na--. One plant received abundant K and contained about 65 c K 
in the tissue; in this plant the Na^^ was concentrated in the stems and 
old leaves, with considerably less in the young leaves and growing point. 
The other plant received inadequate K, and contained only about 1% 
K in the tissue; in this plant, the was concentrated in the growing 
point and young leaves, with considerably less in the older leaves. 

Uptake of Na by Citrus 

Experimental work with Na uptake of citrus trees and its effects on 
their growth is now in progress. A few preliminary results of this work 
are presented herewith. 


Greenhouse Experiment 

A preliminar}' 3x3 factorial experiment, without replication, was 
run in the greenhouse to study the uptake of both Na and K when these 
elements were supplied in varying amounts in the nutrient solution. 
Rough lemon trees, grown from cuttings, were planted in well-w’ashed 
quartz sand in clay pots painted inside with bituminous paint. The sand 
in the pots receiving no K was washed with strong HCl and then washed 
with deionized water until no chlorides remained. The plants were fed 
with a nutrient solution which was complete except that it contained no K. 

There w^as no noticeable difference due to treatment in growth of 
the plants during the 6 months this experiment was in progress, except 
for a few leaf symptoms. However, the chemical analyses of the leaves 
and roots, as presented in Table 15, show considerable differences in 
uptake of Na and K under the different treatments. 
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TABLE 15.— Nv. A^D K Lo^■TE^T of Rolgh Lemon Cuttings Grown in i54Ni) 

Cl LTl’RES 4T \ARYIXC Xa AND K LE\ELis.’‘ 


Treatment 


Lea\es 


Na 


“ Na r 

■ ~K“ 

Na 

K 

K 


_ppm, _ 

Percent 

Percent 

' Percent 

Percent 

0 

0 

0.098 

0.24 

0.029 

0.37 

44) 

0 

0.383 

0.19 

0.312 

0.26 

230 

0 

0.746 

0 29 

0.604 

0.36 

0 

4 

0.242 

0.60 

0.212 

0 33 

46 

4 

0.212 

0.33 

0.483 

0.42 

230 

4 

0.483 

0.50 

0.260 

0.69 

0 

78 

0.075 

1.15 

0.123 

1.25 

46 

78 

0.080 

1.63 

0.053 

1.15 

230 

78 

0.475 

1.90 

0.108 

0.96 


’‘The nutrient solutions were made up as follows: 0.0045 M Ca(NO.i»j; 0 0040 
M MgSOi 7 H^O; 0.00075 NHiHiiPOt; 0.04 ppm. Zn; 0.50 ppm. Fe: 0.29 ppm. \In; 
0.04 ppm. Cu; and 0.26 ppm. B. 

\a and K were added, in the amounts indicated, as the sulfates. 

At the zero K level, it wdll be noted from Table 15 that the Na content 
of both leaves and roots increased regularly as the concentration of Na 
in the nutrient solution increased. The K content varied erractically. 
dropping at the 46 ppm. level of Na in both leaves and roots, with little 
difference between the zero Na and the 230 ppm. Na levels. 

At the 4 ppm. K level, the behavior of Na in the leaves and roots 
was more irregular than at the zero K level. In the leaves, the Na content 
was slightly lower at the 46 ppm. Na level than at the zero Na level, 
but increased considerably at the 230 ppm. Na level. In the roots the 
Na content was highest at the 46 ppm. Na level, and decreased at the 
230 ppm. Na level. The K content of the leaves decreased somewhat 
irregularly as the Na level rose in the nutrient solution, but the K content 
of the roots increased with increasing Na level of the nutrient solution. 

At the 78 ppm. K level, which is considered an adequate supply of K 
for citrus, the Na content of the leaves increased only sli^itly with 46 ppm. 
Na in the nutrient solution, but increased greatly at the 230 ppm. Na 
level. At the same lime, the Na content of the roots decreased irregularly 
as the Na level rose in the nutrient solution. The K content of the leases 
increased wdth increasing levels of Na, but decreased in the roots. Thus, 
at an adequate K level, Na and K behaved almost alike with increasing 
concentration of Na in the nutrient solution. 

At the 230 ppm. Na level, the Na content of the leaves was greatest 
with zero K. and nearly equal for the 4 and 78 ppm. K levels. The Na 
content of the roots decreased as the K increased in the nutrient solution 
so that the Na content is much low^er at 230 ppm. Na with the 78 ppm. K 
level as compared to the zero K level. 

Field Experiment with Citrus 

A small field experiment consisting of 28 single-tree plots of full 
grown trees has been set up to study the uptake of Na by citrus. Several 
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\arieties of oranges and grapefruit, and uiie variel\ of Satsunia. tni both 
sour orange and rough lemon rootstocks, are represented. On March 15. 
1951. varying amounts of K were applied <0, 12. and 20 lbs. of KoO 
fertilizer per tree) and \aiying amounts of Na lO. 4 ^ 1 ;. 9. 18, and 45 lbs. 
of XaCl per tree) were applied at the same time. On March 20. 12 lbs. 
of an 8-0-0-6-2-1 fertilizer mix was applied to each grapefruit tree and 
10 lbs. of the same mix \\as applied to each orange and Satsuma tree. 
\11 materials containing Na or K ’vvere omitted from the mix. 

The various plant parts were sampled on June 26. 1951 and anahzed 
to determine w'hich part would serve as the best index of Na ut)take b} 
the plant. There was no significant increase in Xa content in the various 
parts of the trees where 4^ 9. or 18 lbs. of XaCl was applied but diere 

Avas a considerable increase Avhere 45 lbs. of XaCl was applied iTable 
16). It appears that the leaves will give the best indication of Xa uptake 
and also will be much easier to handle. 

TABLE 16.— Na and K Coment of Various Parts of 1^MA^ Grapefri it Tkles 
Budded ox Rough Llmon Rootstock with axd without Added NaCl. All 
K T^’vs Omitted from the Spriag Fertilizer Application. 
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AaCl fNo K) 

N(» NaCl 

lAi) K> 

Plant Part 

K 

Aa 

K 

Na 


Percent 

Percent" 

Percent’* 

Percent 

Spring flush leaves. 

2.08 

1 

0.555 

2.88 

I 

0 053 

Uhl leaves (1950 flushefr) . 

1.46 

0.312 

1.54 

0.091 

Spring flush twigs . 

1.71 

0.024 

1.6.5 

0.020 

Older nvigs, up to ^ inch. 

Bark, old twigs, . 

. 0.96 

0.024 

0.83 

0024 

1.25 

0.030 

1.29 

0032 

Wood, older twi^^ inch ... 

0.46 

0.020 

0.42 

0.010 

Bark of twigs %-is^ inch. 

1.02 

0.027 

1.13 

0.027 

Wood of twigs %-^s inch . 

, 0.42 

0.013 

0.42 

0.005 

Roots, approximate!} inch .... 

0.73 

0 216 

0.46 

0.010 

Roots, approximately inch. 

1 0.83 

0.320 , 

0.69 

0.036 

Roots, H inch ur less, with nxnlets 

i 1.04 

0.262 

1.25 

, 0093 


^ Percent of the dn matter. 

There was no significant difference in tlie analyses of samples washed 
in \ el and thoroughly rinsed, and those not washed. 

The data in Table 16 show that the leaves and roots were definitely 
higher in Na in tlie tree receiving the 45 lb. application of NaCl but the 
other plant parts were not greatly affected. The K content of the spring 
flush leaves from the tree receiving 45 lbs. of NaCl is slightly lower than 
that of the tree recei\ing no NaCl. 

On July 30, 1951, 100 lbs. of NaCl w^as applied to the soil beneath a 
Marsh seedless grapefruit tree. On August 10, definite toxicity symptoms 
were observed and samples were taken of various plant parts (Table 17). 
The toxicity symptoms observed first were a yellowing at the tips and 
edges of the leaves, follow^ed by burned tips and leaf edges. There were 
also some burned spots in the central part of the leaves. A heavy leaf 
fall occurred after the appearance of these symptoms. These toxicity 
symptoms are very similar to the symptoms shown by a tree in sand 
culture to which w^as added no K and 230 ppm. Na from Na 2 S 04 . 
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TABLE 17. \ \ k CuMiNT of \ VK101js> P\PT& of \ AUltSsH SLtDLLSb Gr.\P 1 J RI il 
Trle Tiil\ted ^ith 100 PoL^Ds or NvCl Vdded to the Soil Stjrf4ce. 


Plant Pdil 

Aa 

1 Percent 

K 

J*eicent 

iiipiiiig llush Jedvt*js 

1.150 

150 

Old led^ea <1950 fluahe") 

0.912 

2.31 

Roots <up to inch) 

0.292 

0.54 

Green twigs 

0.438 

0.67 

Older twigs, up to ^ inch 

0.212 

0.29 


The data in Table 17 show that the a content of all plant parts 
analyzed increased considerably over that found in the tree treated 4\itli 
45 lbs. NaCl. The Na content of the spring flush leaves was about 
doubled, and that of the older lea\es nearly tripled. The Na content 
of the larger twigs tv as increased about 16 times, and tliat of the green 
twigs slightl} moie than that. The roots showed a much smaller pei- 
centage increase. The K content decreased in the \oung leaves and 
increased in the older leaves, over that found with the 45-lb. treatment 
with NaCl. 


SIMMARY 

Although ^<a is not recognized as an essential element for the growth 
of higher plants, man} crops will produce higher yields with Na as a 
fertilizer than without it. A review of the literature is presented covering 
physiological responses of various plants and yield responses of various 
crops to Na, and many of the theories advanced to explain the beneficial 
effects of Na on certain plants. 

Na and K behave somewhat alike in their effect on plant growth. The 
amounts of K available to a plant usually affects its response to added Na. 

Table beets grown in sand cultures showed large increases in yield 
from added Na with either 4 or 20 ppm. K in the nutrient solution, but 
gave no yield increase to this element with 195 ppm. K available. 

Aields of celery in sand cultures increased as the K was reduced from 
195 to 39 ppm. and replaced by chemically equivalent amounts of Na 
in the nutrient solution. 

Nitrate of soda gave much higher yields of spinach than did either 
ammonium or calcium nitrate when each was supplied in an amount 
equivalent to 100 lbs. N per acre to Sassafras loam soil without added K. 
The increased yields are attributed to the Na carried in nitrate of soda. 

Celery fertilized with nitrate of soda yielded far more than that re¬ 
ceiving eidier ammonium or calcium nitrate and nearly equalled ihe 
yield of that receiving potassium nitrate. 

Spinach yields in outdoor pots filled with Sassafras loam soil were 
significantly increased by- the use of Na equivalent to either 100 or 200 
lbs. KoO per acre, when receiving no K or when fertilized with 25 or 50 
lbs. KoO per acre. Na accumulation in the conducting tissues of plants 
w-as confirmed by- activity measurements and radioautographs with radio¬ 
active Na®^. Na-- was found in leaf petioles of tomato plants within 30 
minutes after it was applied to the growing medium. 
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In preliiniiiaiv sludies?. ciliu^ liee& \\eit iound lo take up low amouiils 
of ’Na except when it was furnished in high concentrations. 
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SODIUM AND POTASSIUM INTER-RELATIONSHIPS 
IN PANGOLA GRASS 

Nathan Gaafaion. Jr.* 

The subirtitution of sodium for at least pari of the potassium required 
for plant growth hab been recognized for many years. Unfortunately 
we know little more about this relationship than did J. A. Turner when 
he wrote in the Cotton Planter’s Manual of 1856 (5). ’“As to soda, 
it stands nearest in its chemical character to potash, and though it is 
itself not nourishment for plants, to any great extent, as the quantity of 
it decreases in plants in proportion to their cultivation, it nevertheless 
acts as a substitute for potash, in the same manner as magnesia for lime. 
The composition of the cotton staple, as given above shows the presence 
of soda in its ash in no small quantity. This circumstance seems to ex¬ 
press, in accordance with the analysis of the soil, tliat b) the bcarcity of 
potash the plants were forced to assimilate soda. In this condition of 
things, the cotton plant could not be produced in its most perfect form.'' 

Although tliis substitution is well recognized, many plant phvbiologists 
consider sodium as a non-essential element except for certain exceptional 
plants that normally grow along sea coasts or other salty soil habitats < 1K 
Some of the so-called plant responses to sodium can probably be attributed 
to secondary effects such as changes in soil structure or substitution of 
sodium for potassium on the clay mineral which releases more potassium 
to the plant. Responses to this element are frequently reported under 
conditions of low potassium supply (2, 3j. When potassium supplies 
are adequate, sodium responses are not as frequent, but some responses 
have been obtained on cotton plants that were considered to be adequately 
supplied with potassium and otlier nutrients. (4). 

In the winter of 1949-1950 a preliminary experiment was conducted 
in the greenhouse using virgin Leon fine sand in which white clover and 
Pangola grass were grown together in 2-gallon pots with adequate fertil¬ 
ization and lime except that in certain of the cultures one-third, two-thirds, 
and all of the potassium w’as replaced by equivalent amounts of sodium. 
It was observed that the clover was progressively poorer on the higher 
sodium levels and developed the usual symptoms of potassium deficienc}' 
while the Pangola grass grew w^ell over the entire range of sodium levels 
and actually produced more dry weight on die all-sodium level, although 
this W’as attributed to the lack of competition from die clover. 

Since many Florida soils in pastures w’ere knowm to be inadequately 
supplied with potassium, two pot experiments were planned (Table 1) 
to investigate the substitution of sodium for potassium in Pangola grass 
more thoroughly. The first experiment w’as designed to show responses 
to potassium levels and to chemically equivalent quantities of sodium 
supplied alone and with potassium. The second experiment was designed 
to show the effects of sodium, potassium, calcium, and ammonium as 
cations when equivalent amounts of nitrogen were supplied as top dress¬ 
ings to pastures that had been fertilized at slightly better than average 

' Sf»i]s Chemist, Fla. Agr. Exp. Sta., Gainesville. 
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Jdte&. The efiectb oi rates ol lime and high calcium supplied as cakiun. 
chloride i\ere also included in this expeiiment. Demineralized water ap¬ 
plied to the suiface of the pots ^\as u^ed thioughout the experiment. 

TVBLE 1. — PAXGor A. Gr\s<!. Greexhoisk E\p^RIMI^Ts, \ViMi.R 1950-1951. 


Experiment /. Substitution ol Na for K. 

Basic treatment in 2 gal. pots ol ^iigin Leon fine sand 0-6 iiicli 
2000 lbs. lime/\ = 7.3 gms. dolomite/pot. 

500 lbs. superphosphate/ V = 1.8 gm^. supeipho«phate/pot 

Na and K ^variations (3 Replications): 

1. 0 lbs. K/A -{- 0 lbs. Na/A = 0 gm<. KCl + 0 gms. NaCl/pot. 

2. 0 lbs. K/A + 78 lbs. Na/A = 0 gms. KCl 4 - .27 gms. NaCl/pot. 

3. 0 lbs. K/A + 157 lbs. Na/A = 0 gms. KCl + .54 gms. NaCl/pot. 

4. 100 lbs. K/A 4- 0 lbs. Na/A = .35 gms. KCl + 0 gms. NaCl/pot. 

5. 100 lbs. K/A + 78 lbs. Na/A == .35 gms. KCl + .27 gms. NaCl/pot. 

6. 100 lbs. K/A + 157 lbs. Na/A = .35 gms. KCl + .54 gms. NaCl/pot. 

7. 200 lbs. K/A + 0 lbs. Na/A = .7 gms. KCl + 0 gms. NaCl/pot. 

8. 200 lbs. K/A + 78 lbs. Na/A = .7 gms. KCl + .27 gm>. NaQ/pot. 

9. 200 lbs. K/A 4* 157 lbs. Na/A = .7 gms. KCl 4 - .54 gim?. NaCl/pot 

Nitrogen to be supplied as required as NHiNOj at same rdte« and tinie« Experi¬ 
ment II. 

Experiment II, Na. K, Ca, and NH| as cations in nitrate application- 
Treatments in 2 gal. pots of \irgin Leon fine sand 0-6 inch. 

500 lb«. superphosphate/A = 1.8 gms. «;uperphospliate'pot. 

150 lbs. muriate ol potash/A = .52 gm. KCl/pot. 

\ariations (2 Replications)—each variation to get separate top dressings ot Na, K, 
Ca, and NHi nitrates, nitrogen to be equhalent to 100 lbs/ -V NaNO. 

0 lb& lime/A = 0 gms. CaCOa/pot. 

2000 lbs. lime/A = 7.3 gms. CaCOa/pot. 

4000 lbs. lime/A = 14.6 gms. CaCOa/pot. 

100 lbs. CaCU/A = 3.6 gms. CaCla/pot. 

5 ml/pot of the following solutions are N equi\alent of 100 lbs/A NaNO 
73 gms. NaNOa/L 
96 gms. KNOa/L 
35 gms. NH 4 NO 3 /L 
88 gms. Ca(N0s)2 . 4 H 2 O/L 

Lag of Experiments, 

Basic fertilizer put in pots and plants staited December 15-16, 1950. 

Plants established at 5 sprigs per pot thru January 8, 1951. 

First N application and 1 ml. Hoaglands \ to Z minor element soln. Januar\ 8, 1951. 
First cutting 2-5-51. 

Second N application 2-8-51. 

Second cutting 3-2-51. 

Third N application 3-2-51. 

Third cutting 4-2-51. 

Fourth N application 4-2-51 (double rate of application). 

Fourth cutting 5-8-51. 

Fifth N application 4-9-51 (double rate of application 1 . 

Fifth cutting 6-19-51 (experiments terminated). 

Soil samples taken from pots 7-27-51 (R-11221. 

The grass was cut back to the level of the top of the pots I about one 
inch above soil surface) once a month and nitrogen reapplied at a rate 
equivalent to 100 pounds per acre of nitrate of soda. After the third 
cutting it was obvious that this rate of nitrogen was inadequate to take 
care of the rapid rate of groivth and the nitrogen application was doubled. 
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L.S.D. for NOa carrier and lime totals 40.47 at 1*^ level. 

29.22 at 5% level. 

L.S.D. fnr interaction sums 2023 at 1% level. 

14.61 at 5% level. 
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The rates of growth in the fir&t experiment follow'ed the rates of po¬ 
tassium and sodium application \erv closely from the &tart. Character¬ 
istic potassium deficiency symptoms, thin stems, narrow lea\es and 
burning of the low’er lea\es, appeared almost at once in the pots receiving 
no potassium or sodium and developed progressiveh through the potas- 
•^ium and sodium levels so that these s\niptoms were present in the high 
sodium-potassium culture at the final cutting. Unusually early bloom 
was also noted in the pots receding no potassium or sodium. The \ield 
summar\ in Table 2 shows that under the conditions of the experiment 
sodium and potassium both caused highl\ significant yield increase'-. No 
significant interaction of sodium and potassium was found under the 
conditions of this experiment. It is possible that the increases in div* 
weight due to sodium and potassium are mutually additive. 

In the second experiment there was little difference in the growth of 
the first two cuttings except that there %vas some lag in the calcium chloride 
pots. The high salt content in these pots made it difficult to get the grass 
sprigs to root and this slow” start resulted in reduced fields w”hich ma\ 
not be directly comparable to the lime and check treatments. The earh 
clippings removed much of the original potassium application and in 
the last three clippings the yield pattern was much the same as shown 
for total yields in Table 2 . In later cuttings the Ca(N 03 U> and NH 4 NO 3 - 
treated plants developed characteristic potas&ium deficiency symptoms of 
thin stems and narrow leaves and burning of the lower leaves. The 
NaNOs-treated plants continued to produce thick stems and broad leaves 
of normal plants but prior to the last cutting developed potassium de¬ 
ficiency symptoms w’hich appeared as a lighter shade of green o\er the 
entire plant and some lower leaf burn. Normal growth continued on 
the KNOjj-treated plants. 

As a dry weight producer KNO3 w’as a superior top dressing for 
Pangola grass. NaNOa gave about 20 percent less, whereas CaiNOalo 
and NH4NO3 produced only about one-half the dry weight of tlie KNO.-j 
treatment. Lime levels had little effect on dry w^eight production although 
some depression was caused by CaCL on the CalNOs):) and NH^NO.j 
treatments. 

Chemical analyses for potassium, sodium, calcium and phosphorus 
in the last cutting are given in Table 3. The potassium and sodium sup¬ 
plies in the first experiment were nearh exhausted although the pattern 
of sodium and potassium application w'as still reflected in the quantities 
of these elements in the plant tissue. Calcium, magnesium, and phos¬ 
phorus values are approximateh inversely proportional to the amount 
of dry weight produced at this cutting. 

In the second experiment the effects of the extra sodium and potassium 
are clearly apparent. High potassium depressed sodium, calcium, and 
magnesium content in the herbage and high sodium depressed potassium, 
calcium, and magnesium. The NaNOg applications did not depress the 
calcium content of the herbage to the same extent as equivalent applica¬ 
tions of KNO 3 in this cutting. In earlier cuttings the depression of 
calcium by KXO 3 and NaNOs were of the same order of magnitude. 
(It w”as necessary to analyze the plant tissue from the NaNOg treatments for 
calcium by the oxalate method because the high sodium content interferes 
in the flame photometer procedure. I The phosphorus values again seem 
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large!} to reflect the rate of growth, the kNOj-treatetl plants containing 
the least and the MI 4 .NOn-treated plant'- containing the niOi?t phosphoru^'^. 
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Analyses of the earlier cuttings are not tabulated here but similar- 
trends w’ere noted. A^ would be expected the earlier the cutting tlie higher 
the sodium and potassium percentages. It w^as evident that some luxur\ 
consumption of sodium and potassium in the early cuttings resulted in 
an early depletion of these elements in the soil and subsequent!} reduced 
dr} weight production in later cuttings. 

Soil analyses at the end of the experiments showed less than 10 ppm. 
each of sodium and potassium present in all pots except where these 
elements had been added wdth the nitrate. Residues of sodium and po¬ 
tassium, w’here these elements had been applied in the top dressing, were 
variable, ranging from 10 to 60 ppm. of the element applied. Minimum 
exchangeable calcium in the no-lime pots at the end of the experiment 
w’as 230 ppm. 

Table 4 shows the effects of these treatments on the nitrogen content 
of the herbage. The trend is toward a lower percentage of nitrogen in 
the herbage with increased growth. INearh all the nitrogen add^ w-as 
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ieco\eied in the herbage even unrlei acute potassium deficiency and some 
additional nitiogen was recovered fiom the soil under the optimum con¬ 
ditions of the experiment. 


CONCLUSIONS 

Lnder greenhouse conditions sodium will substitute fur a laige pei- 
centage of the potassium requirements in Pangola grass. Because of the 
usual low le\el of available potassium and sodium during the summei 
months in Florida soils under pasture conditions it is probable that at 
least on Pangola grass more dry weight per pound of nitrogen fertilizer 
used will be obtained if sodium or potassium or both are applied with 
the nitrogen. The percentage nitrogen in the herbage may be controlled 
to a limited extent by the quantities of sodium and potassium applied 
with the nitrogen or available in the soil at the time of the nitrogen 
application. 
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SYMPOSIUM: SOURCES AND RATES OF LIMING 


GEOLOGY AND LOCATION OF LIME SOURCES 
IN FLORIDA 

J. L Calmer ^ 

Limestone production statistics are gathered annually by the L. S. 
Bureau of Mines in cooperation with the Florida Geological Survey. 
The latest data available, those for the ^ear of 1949, show that commer¬ 
cial limestone W’as produced from forty quarries located in eleven counties 
in Florida. In distribution these counties fall naturally into four areas, 
w'ith Jackson County representing the northwestern portion of the State, 
Alachua, Le\y, Marion. Citrus. Sumter, Hernando and Pasco counties 
representing the central portion and. in South Florida, dolomite in Sara¬ 
sota and Manatee counties on the northwest and limestone in Dade and 
Broward counties on the southeast. These forty quarries, for which data 
w'ere submitted to the L. S. Bureau of Mines, produced over 4.200,000 
short tons of limestone in 1949, which had a value in excess of S4,700.000. 

The use in which the greatest tonnage of limestone was consumed is 
classified under the heading; concrete and road metuL For these purposes, 
3,067.000 short tons valued at approximately S3,510.000 W'ere sold during 
1949. and that quanlit) represents 73 per cent of the total crushed lime¬ 
stone production. The remaining 27 per cent was divided approximately 
as follows: Railroad ballast consumed nearly ten per cent; road base 
materials eight and one-half per cent; and non-commercial uses—that 
material produced by county and city units and used primarily for road 
base and road metal—amounted to less than five per cent. Thus ihe 
limestone entering into concrete, road metal, railroad ballast and road 
base uses accounts for approximately 97 per cent of the entire production 
of crushed limestone. Agricultural limestone, riprap, fertilizer filler 
and other minor uses shared in only three per cent of the State's total 
production. The exact totals for these uses are not available because 
of the polic} adopted by the U. S. Bureau of Mines to avoid disclosure 
of production data from individual operations. 

The quantity of limestone used in the manufacture of cement, together 
with that entering into the production of burned lime have been excluded 
from tire before-mentioned production data. The tonnage and value of 
limestone for these purposes normally are included in data on cement and 
lime production. These industries, however, have only one or two pro¬ 
ducers in the State and, unless each company gives its approval, disclosure 
of the indi\’idual company’s production "data is avoided. It may be 
interesting to mention, nevertheless, that about 8 per cent of the hydrated 
lime manufactured in the State in 1949 w’as consumed in agricultural uses. 

With this introduction, I wmuld like to outline briefly the geolog}’ of 
the State and to point out in particular the relationships found in the 
limestone-producing areas already briefly mentioned and shown in quite 
a generalized w'ay on the map of figure 1. 

‘ Florida State Geological Survey, Tallahassee. 
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Figure 1.—Generalized maj) bho^\ing •surface distribution of \arious limestones and 

dolomites in Florida. 


Situated wholly within the Coastal Plain Province, Florida is under¬ 
lain by 4,000 feel or more of sedimentary rocks that overlie a basement 
of older sedimentar}, melamorphic and igneous formations. The oldest 
rock exposed at the surface of the Slate is considered by geologists to he 
quite young; it is ihe Avon Park limestone of Middle Eocene age. This 
fonnation, together with the Ocala limestone, Lpper Eocene, and the still 
vounger formations of ihe Oligocene, Miocene, Pliocene, Pleistocene and 
Recent Epochs represent a stratigraphic section of approximately 1,800 
feet. Sedimentary rocks older than the Middle Eocene limestones do not 
crop out and are known in Florida only through cuttings, cores, and 
records of wells that penetrate them. These subsurface formations include 
the rocks assigned to the Lower Eocene, Paleocene of the Cenozoic sys¬ 
tem, as well as those of the Mesozoic, Paleozoic and Pre-Cambrian systems. 

The early Cenozoic and Mesozoic formations range in thickness from 
2800 feet in the northern part of the Peninsula to more than 15,000 feet 
in the region of the Florida Keys. In Western Florida, these formations 
are somewhat thicker and range from 8,400 feet in Jackson County to an 
estimated 15,000 to 20,000 feet in Escambia County. The older subsurface 
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strata of the Paleozoic s\stem are not less than 3,000 feet in ihickness 
and may be as much as 6.000 feel. Because all of these older sediments, 
as ell as the crystalline rocks of possible Pre-Cambrian age do not come 
to the surface anywhere ^vilhin the State, the sequence of events that make 
up their history is not of primary interest to either the producers or the 
consumer? of limestone ^\hich is obtained from quarries in the surface 
formations, furthermore, the structures de\ eloped in the Cretaceous and 
older rocks bear little, if ain, relationship to the structures in the younger 
sediments that ha\e been outlined bv surface studies and detailed b} 
well penetrations. 

There are several structures in the uppermost and } ounger sedimentary 
rocks of the Floridian Plateau that are significant in bringing limestone 
formations near the land surface. The most important of these is the 
Ocala Uplift in w'hich the Eocene and \ ounger sediments are arched into 
a broad doubly plunging anticline that trends northwest-southeast. This 
fold may be traced from Madison County southward to Hardee County. 
It is along the crest of this fold in the central and southern portions of 
Levy County that the Avon Park limestone, the oldest sedimentary rock 
exposed in Florida, is found. Surrounding the outcropping of this chalky 
limestone are other Eocene limestones: the Moodys Branch formation and 
the Ocala limestone. The Moodys Branch formation is a nearly pure 
limestone of about 80 feet in thickness that has been separated from 
the base of the Ocala limestone, which has a maximum thickness of 360 
feet, in recent studies by the Florida Geological Survey. These Eocene 
formations on the flanks of the fold dip at low angles toward the Atlantic 
Ocean and the Gulf of Mexico. It is this broad, gentle arch known as 
the Ocala Uplift that brings the Eocene limestone close to the land surface 
in the central part of the State. 

At many places within this anticlinal structure in Alachua, Levy, 
Marion, Citrus, Sumter and Hernando counties, the Ocala limestone has 
been extensively quarried, particularly in the vicinity of Ocala, For the 
most part this limestone has a uniform texture that allows ready crushing 
and pulverizing; it is generally free from grit and its chemical purity 
approaches that of the chemical formula for the mineral calcite, i.e., 100 
per cent CaCOs. The Ocala limestone will meet the most exacting chemi¬ 
cal specifications for high calcium stone. In spite of its purity, this 
limestone enters into many common uses which include road base material, 
road metal, railroad ballast, agricultural lime, concrete aggregate, etc. 
It is also used in the manufacture of quick and hydrated lime. 

Because of the southward regional dip of the rock strata, the Eocene 
limestones are not found exposed south of the Hernando-Pasco county¬ 
line. In these counties, limestone formations that occur above the Ocala 
limestone, the Suwannee limestone of Oligocene age and the Tampa lime¬ 
stone of Miocene age, are found near the land surface. The Suwannee 
limestone varies in character from a hard, resonant limestone to a soft, 
granular limestone that contains some silica; the Tampa limestone also 
may be hard and massive and contain impurities of clay and sand. Both 
of these formations have been quarried so extensively in the vicinity of 
Brooksville, Hernando County, that the name ‘'‘‘Brooksville Stone” is often 
used to designate these limestones which are used for cement manufacture, 
railroad ballast and concrete aggregate. 



Further to the south in Manatee and Sarasota counties, Miocene strata 
contain limestones belonging to the Tampa limestone and the Hawthorn 
formation. Outcrops of these formations, particularly in the western 
portions of the counties, are here composed of dolomite or dolomilic 
limestone. Agricultural lime is produced in tlie vicinity of Samosel. 
Manatee County, and of Sarasota, Sarasota County, from dolomilic lime¬ 
stones that are earl} or possibly middle Miocene in age. 

Dolomite and dolomilic limestones are also found in Dixie, Lev\, 
and Citrus counties. The upper portion of the A\on Park limestone is 
represented in some areas by dolomitic rock and the quarry at Lebanon, 
Lew County, is in a dolomite facies of this formation. In northern 
Citrus County, the Moodys Branch formation contains some poorly con¬ 
solidated dolomitic rock which is quarried in the vicinity of Red I-evel. 
Dolomites and dolomitic limestones also occur in western Dixie and 
southern Taylor counties as a facies of the Ocala limestone; ho\\ever. 
(|uarries have not been developed in these areas. 

In western Florida, there is another gentle fold in the series of younger 
sediments that form the surface rocks of the State. This structure passes 
into Jackson County and is the southern extension of an anticline known 
as the Decatur Ai’ch. The middle Eocene limestones are again Iirought 
to or near the land surface in Jackson, Holmes and Washington counties, 
and the Ocala limestone is quarried in Jackson Count). Huge reserves 
of high grade limestone exist in not only Jackson County, but also in 
Holmes and Washington counties, and structurally the area is quite similar 
to that of the Ocala uplift. 

The remaining limestone sources in the State, particularly those in 
South Florida, are very young, geologically speaking. They were formed, 
for the most part, during the Ice age or Pleistocene epoch. From a com¬ 
mercial quarrying point of view, the most important of the several forma¬ 
tions that have been mapped in southern Florida, is the Miami oolite. 
Generally, tliis formation is a comparatively soft, white limestone com¬ 
posed of small spherical grains called oolites. It is found at or near 
the land surface in a broad band that extends along the East Coast from 
approximately the Palm Beach-Brow ard county-line lo Key West. This 
rock is quarried extenshely in the ^icinity of Miami where it is the main 
source of commercial limestone. The crushed limestone produced in 
Dade County constituted more than oS per cent of the crushed stone pro¬ 
duced in Florida during the year of 19 f9. 

This discussion of lime sources in Florida would l>e incoinpleic without 
mention of the shell facies of the Anastasia formation. This Pleistocene 
formation is found at or near the surface in a narrow belt along tlie 
East Coast from Anastasia Island, bT. Johns County, to near the Palm 
Beach-Brow’arcl count)-line where it ma) he traced into a transitional zone 
of shell marl and sandy limestone that merges southward into the Miami 
oolite. The most conspicuous part of the Anastasia formation is coquina, 
a rock composed of w^hole or broken shells that are more or less firmly 
cemented together. It is well known that the harder portions of coquina 
rock make an attractive and durable building stone and that the softer 
portions, which may contain considerable quartz sand, are used for con¬ 
crete aggregate, in the manufacture of concrete products and in road 
building. Crushed coquina has been used in the past for agricultural 
lime and pulverized coquina for stock feed and chicken grit. A large 
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and extenai\e utilization of coquina will begin with the operation of the 
new cement mill located near Flagler Beach. Flagler County. Here the 
Lehigh Portland Cement Company now has under construction a cement 
mill ^\hich has a designed capacity of 1.400.000 barrels annually. 
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LIMING MATERIALS 

G4YL0UD M. Volk 

Liming materials are u^ecl for the counteraction of excesb soil acicliu. 
Ground limestones are used to the greatest extent for this purpose, with 
h)drated lime next in volume. A limited amount of burned or quick 
lime, soft marl, shell marl, quarry run soft lime rock, and certain in¬ 
dustrial by-products are used locally or for special purposes. 

Ground agricultural limestone can be classified either as high calcic 
limestone or as dolomite in most instances. High calcic limestone usually 
contains 85 to 100 percent of calcium carbonate with somewhat less than 
10 percent of magnesium carbonate present. The dolomite consists of 
a mixture of calcium carbonate and magnesium carbonate in which the 
calcium carbonate makes up not over 63 percent of the carbonates and 
the magnesium carbonate between 37 and 46 percent. There are no estab¬ 
lished limits for these materials, but natural!} occurring limestones more 
or less fall into such a grouping. When limestones were deposited in 
past geologic times, two ranges in the calcium carbonate-magnesium car¬ 
bonate predominated. At one end of the range the high calcic limestones 
containing less than 10 percent of magnesium carbonate were deposited. 
Beyond this there was a big jump in the ratio of calcium to magnesium 
and the next range of deposition came where magnesium carbonate made 
up from 37 to 46 percent of the carbonates present. Above this there 
was very little deposition of limestone in any form. Table 1 shows how 
well this system is substantiated by materials submitted for sale in Florida. 

TABLE l.—REPKEsnNT.MivE Anamses op Agricultur4l Ground Limestone Usid 

IN Florida in 1950. 

(From eight different sources in Florida, Georgia and Alabama) 


Calcium 

Magnesium 

r 

Passing 

Parsing 

Carbonate 

Carbonate 

Moistuie 

60 Alesli 

20 Mesh 

'r 

_ ' 

_L 




High Calcic Limestone 



89 

1 

1 

1 

1 

1 ‘2 1 

1 

12 

1 

7B 

92 


3 

31 

19 

92 


I 1 

1 


1 

1 



Dolomite 



51 

37 

5 

63 

35 

54 

41 

1 1 

65 

1 85 

56 

37 

3 

70 

87 


36 1 

2 

74 

.87 

59 

35 

2 

1 

55 

L. ;i _ 


The Commercial Fertilizer Law of Florida states as follows: ‘Time- 
stone shall be guaranteed on the basis of Calcium Carbouate (CaCOs) and 

Soil Chemist, Florida \griciiJrural Experinnmt Station, Caineb\ille. 
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Magnesium Carbonate (MgCO^l and in addition shall be guaranleecl on 
a screen test.” 

The screen test consists of determining the percentages of the material 
that will pass 60 mesh and 20 mesh sieves, and is so reported on the tag. 
The finer the material, the more rapid is its reaction with the soil. Fine 
materials can be made to come in contact with a greater portion of the 
soil mass and react more completely with the soil acidity. Coarse par¬ 
ticles will neutralize the acidity in their immediate vicinity and must then 
wait either for tillage to rearrange them against fresh soil or for the 
slow reaction with acidity lying at a distance to lake place. General!} 
it is not desirable to have all very fine material, but to have a graded 
material containing a range of particle sizes. The coarser material that 
will react more slowly will continue to maintain the soil pH as new 
acidity develops from fertilization and associated practices. This permits 
heavier, more economical applications at one time without increasing 
the danger of overliming. Agricultural limestone usually has a fineness 
^uch that about 85 percent passes a 20 mesh and 60 percent passes a 60 
mesh sieve. This makes a good mixture of particle sizes for general use. 
Finer grades often are called ‘‘Pulverized” and “Superfine", and coarser 
grades called “Meal" and '“Screenings." As can be seen from Table 1. 
ground dolomite submitted for test in Florida has a screen test about 
as given above for ground agricultural limestone. Our high calcic lime¬ 
stone derived from soft rock formations is somewhat coarser by screen 
test. This probably is a desirable difference between the materials be¬ 
cause high calcic limestone reacts faster than dolomite. 

Schollenberger and Salter (1) ha\e published an evaluation chart for 
ground limestone intended to show how much of the applied lime would 
be used by the soil in a given period of time. According to the chart the 
materials listed in Table 1 would have approximately the follo\sing 
activities: 


EFFICIENCY 

(Amount used by soil acidiu ) 


Time 

Dolomite 

High Caleb 

3 months- .. 

.42St 

48^c 

1 \ear . 

. 67^c 

69 

1 > ears . 

80^7’ 


16 } ears 


82^ 


It is as&umed that the abo\e \dlues \seie obtained on soils of about 
a silt loam texture, and are the result of addition of a reasonable applica¬ 
tion to an acid soil. 

Tests by \ oik and Bell l2l showed that about one-third of a high 
(‘alcic lime was used by soil acidity tlie first year after incorporation in 
three highly acid flatwoods soils. The amount of lime applied was 
sufficient to bring the pH up to 6.0 in one year. It was incorporated in 
the six inch surface layer of soil and kept undisturbed after incorporation. 
This rate is about one-half of that to be expected from the chart men¬ 
tioned above. 

iluch lime is now being used for surface application to pastures. The 
rate of penetration is important because this markedly influences nitrifica¬ 
tion and retention of other fertility elements as well as supplying calcium. 
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Te?t? bhowed no bignihcant diffeieiice.-* in latCb of penetration of high 
(aloic limestone, dolomite, or hydrated lime. Penetration into acid soil 
v\as \ery slou. Wlicn a hea\y apjdifalion of lime ^vab applied only to 
the surface instc^ad of being incorporated, it raised the pH of iJae immediate 
subsurface at the one inch depth only U\o-lenthb of a pH unit. This same 
amount of lime incorporated throughout the surface six inches \NOuld 
ha'se raised the soil pH from tlie \irgin pH of about 4.3 up to approxi- 
malch pH 6.1. From this it is eslimate<! that lime mil not cfTectiveh 
oeaeliate over one inch per >ear regaidlcss of the -ource used. Appai- 
entlv the pH of a la}er of soil must be 6.0 to 6.5 before lime will neutralize 
deeper la}ers below" it. 

Hvdraled lime and quick lime, made by burning high calcic limestone, 
have a neutralizing v'alue such that about 1500 pounds of hydrate or 1100 
pounds of quick lime are equal to a Ion of hi^ calcic lime. They react 
very rapidly with the soil. In addition to the above there are two products 
obtained by burning dolomite. One product sold in the oxide form 
contains about 42 percent magnesium oxide and 58 percent calcium oxide. 
The other is similar except that the calcium oxide has been converted to 
hydrated lime but the magnesium remains as the oxide. These materials 
are for special uses where quick action and a source of magnesium are 
desired. The availability of the magnesium apparently lies between that 
of soluble magnesium and dolomite. 

Shell refuse, shell marl, soft marl, and by-product lime from water 
treatment all are good liming materials if applied dry and in accordance 
with their screen tests. Cyanamid and basic slag have liming value, but 
their cost must be borne largely by the need for the other elements carried. 
Raw rock phosphates have negligible liming value. 
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EFFECTS OF LIME ON PLANT NUTRIENT EFFICIENCY 

William K. RoBERTbON ^ 

The effects of lime on the phy&ical properties of the soil are not as 
important in Florida as elsewhere because of the sandy nature and the 
low clay content of Florida soils. Ho\\ever. liming may affect the avail¬ 
ability of plant nutrient elements in these soils by chemical reaction and 
microbiological activity. The pH determination is used to evaluate the 
effect of lime on soil acidity since in normal soils calcium is the principal 
element on the base exchange complex. 

In heav)^ clay soils the nearer the reaction is to neutral the more 
favorable in general are the tilth, permeability and friability of the soil. 
Maximum crop growth cannot be obtained unless these properties are at 
their optimum for root feeding. Highly acid or highly alkaline conditions 
promote puddling and impermeability w’hich decrease root penetration 
and nutrient uptake. 

Although all plant nutrient elements are of equal importance for 
optimum plant development, the much talked of major elements, nitrogen, 
phosphorus and potassium, followed by the equally important minor 
elements, molybdenum, boron, zinc, copper and manganese, w'ill be con¬ 
sidered in the order mentioned. Other elements known to be essential 
for nutrient balance wdll not be discussed because of the small amount 
of information available at this lime. 

Nitrogen 

A large fraction of applied nitrogen maj not be utilized by the crop 
but actually lost. If nitrogen is applied as the nitrate it dissolves readily 
in the soil solution and losses are predominantly in the drainage water. If 
nitrogen is applied in the ammonium form, it may be oxidized to nitrate^ 
and subjected to leaching, leached out as ammonia or volatilized as 
ammonia. In the latter case calcium level (pH) plays a very important 
role in determining the amount of applied nitrogen that is available Lo 
the plants. 

\olk and Bell (18) treated se\en Florida soils with ammonium 
nitrate and subjected them to leaching. They found where the exchange 
capacity was high, anunonia lost in the drainage water and that lost 1)\ 
volatilization was negligible up to pH 7.2. It was also found by other 
workers (6) that heavy soils could retain 95 to 100 percent of the nitrogen 
in anhydrous ammonia e\en when 600 pounds of nitrogen per acre were 
applied. 

On acid soils of low exchange capacity quite different results were 
obtained. In the same experiment mentioned above, Volk and Bell (18) 
found that sandy soils lost considerable ammonia b\ leaching at low pH 
levels and little lo none where the pH approached neutrality. Martin and 
Chapman 19) applied ammonium hydroxide to acid soils of low exchange 
capacity and found that w’hen the pH w’as raised into the alkaline range, 
considerable ammonia was lost by volatilization. 

From these data it would seem that in Florida where the rainfall is 
heavy, ammonium forms of nitrogen have an advantage over the nitrate 

Assistant Soils Chemist, Agr. Exp. Sta., Gaines\il]e, Florida. 
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form since the) are le&& readily leached. Howe\er, the ammonium form 
should only be applied 'when the pH is higher than 5.5. If the pH is 
more acid than this, in addition to greater loss as ammonia, nitrification 
might not be adequate to supply the nitrate nitrogen plants need. The 
rate of nitrification of an ammonium source of nitrogen increases with 
the pH and is at a maximum between 6.5 and 7.5 (19l. It is possible 
at these high pH levels that nitrification he so much in excess of plant 
requirement that the advantage due to the l)etter retention of the am¬ 
monium form is soon lost. 

Regardless of the source, ammonium or nitrate, the farmer should 
strive to apply his nitrogen at a time, in a place with relation to the roots 
and in a quantity such that there will be a minimum of delay between 
time of application and uptake hy the plants. 

Phosphorus 

Acid conditions are not favorable for eifeclive utilization of phosphorus. 
Neller and co-w^orkers (10) applied 2000 pounds of rock phosphate to 
Immokalee fine sand, a flatw’oods soil, and tested the effect of lime on 
phosphorus retention, in the upper 3 inches of soil, over a period of 
years. Their results showm in Figure 1 indicate that without lime one-half 
of the phosphorus was lost w^hereas with lime the loss was reduced to 
approximately one-eighth. Thev suggested that the added phosphorus 
w’as leached out of the surface layer in solution and in colloidal form. 
In the acid upland soils, wdiere there are higher concentrations of iron 
and aluminum, phosphorus is fixed as iron and aluminum phosphate. 
Liming these soils converts the insoluble phosphates to the more readily 
available calcium phosphate. In many cases liming causes enough phos¬ 
phate to be made available to restore normal growth (15). The increased 
availability of phosphorus due to lime may be partially attributed to the 
creation of more favorable conditions for microbial activity which make 
possible the conversion of organic phosphorus to available forms. 

It has been fotmd that insufficient quantities of lime do not increase 
phosphorus uptake to any extent. Robertson (14), growing Camellia 
oats on five different Florida soils did not get any significant difference 
in phosphorus uptake between application rates of 500 and 10(X) pounds 
of lime per acre. Volk and Bell using Norfolk fine sand found that the 
Truog phosphorus did not vary much when the pH was raised to approxi¬ 
mately 5.5 do). 

If the lime added is sufficient to raise tlie pH much over 7, more and 
more of the less soluble tricalcium phosphate begins to form and the 
plants may suffer for lack of phosphorus. 

The most important groups of phosphate com})ounds present in soils 
in order of their availabilil) are as follows: (1) Calcium and magnesium 
phosphate, (2) Organic phosphorus compounds (phytin, nucleotides and 
lecithin), (3) Iron and aluminum phosphates, and (-i> Apatite (17). To 
create favorable conditions for the available forms of group 1 to occur 
it is necessary to lime to about pH 6.5. This is also within the range of 
optimum microbial activity which would convert group 2 to available 
compounds and it is above the pH at which the insoluble iron and alumi¬ 
num phosphates occur in quantity. Since group 4 (apatite) is practically 
insoluble at any reaction at which plants grow, it need not be considered 
in connection with liming. From this it appears that calcium 4iould be 
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added to acid ^oils to the extent that about 75 percent of the exchange 
eapacil^ saturated for maxiinum use of phosphorus. 



Figure 1.—Effect of liming an Immokdlee fine sand pasture upon the rate of 
loss of phosphorus of rock phosphate from the surface three inches. Ground calcium 
limestone at one ton per acre was added in 1942 and again in 1943. Neller, Jones. 
Gammon. Nathan and Forbes (10). 

When highly ammoniated superphosphate is used in mixed fertilizers 
with lime as a filler and when the fertilizer is stored for a month or more 
there results a conversion of the readily available mono-calcium and 
di-calcium phosphates to the less available tri-calcium phosphate. This 
conversion can be minimized by using ammoniated superphosphate with 
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a lower percentage ammoniation and b} spreading the fertilizer imme- 
dialel> after mixing it wdth the lime. 

PoTASSUM 

The most important sources of potab&ium for absorption b) plants 
are: fl) directly from the fertilizer band, (2) from the soil solution, and 
(3) from the iDase exchange complex. The most permanent of these 
sources is from the exchange complex. This is because pola&sium in the 
fertilizer band, if not taken up by the plants, will go into solution and 
])e subjected to adsorption on the base exchange complex; and potassium 
in the soil solution that cannot find a place on the base exchange complex 
will be leached out if not readily absorbed by the plants. 

The amount of adsorption of applied fertilizer potassium on the base 
exchange complex is inversely proportional to the firmness with which 
the ions being replaced are held. According to the lyotropic series, 
hydrogen is held more firmly than calcium. On this account the chances 
of potassium finding a place on the base exchange complex would be con¬ 
siderably enhanced if calcium and not hydrogen was the prevalent ion. 
Volk and Bell (18) working with seven Florida soils, found that on an 
average the leaching loss of applied potassium was two and a half times 
as much at pH 5.5, and four and a half times as much at 4.0, as it was at 
6.8. Their results are shown in Figure 2. It must be remembered, how¬ 
ever, that added calcium will crowd potassium as well as hydrogen off 
ihe l3ase exchange and it thus may be lost to the plants. 

If the advantages due to greater fertilizer potassium being adsorbed 
and the disadvantages due to the loss of exchangeable potassium are 
weighed, it is quite possible that liming would be practiced as far as 
potassium is concerned for most of the acid soils of Florida. Some of 
the reasons for this conclusion are: 1. The tremendous loss by leaching 
and hence the need for large amounts of supplemental potassium. 2. The 
acid soils of Florida have generally a low exchange capacity and initially 
possess only a very small percentage of the potassium needed for in¬ 
creased yields. 

Molybdenuxi 

Very recent work at Hastings, Florida, on caulillower indicated that 
mol)bdenum deficiency of soils could be averleil either by liming or by 
the addition of molybdenum (3). Other workers ha\e obtained similar 
results with other crops (5). Oerlel et al (11), working with subterranean 
clo\er in Australia, found that liming increased th(‘ availability of 
molybdenum up to pH 7; and Evans and his co-workers (J), found a 
close relationship between pH value of soils and the molybdenum content 
of alfalfa grown on them. At low pH \alues they obtained increased 
yields for molybdenum but responses at high pH values wTre less pro¬ 
nounced. Evans et al (4), also found that the molybdenum content of 
alfalfa from naturally neutral or slightly alkaline New Jersey soils was 
very low and they suggested that molybdenum had been lost by leaching 
at tie high pH values that occurred during the soil forming process. 

From this it appears that at least part of the molybdenum forms some 
insoluble compound in acid soil which in the presence of lime becomes 
soluble. The possibility of leaching in highly limed soil should be 
considered. 
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Bokon 

Jone'^ and '^caioeth (7) 'sveie among the fust to stie^b the imporldnc( 
>f a pioper Ca B latio foi plant'*. The^ found the latio foi oaN and 
tohicco to be 2()0 to 1 and 1200 to 1 le^pectiveU and if the latm k 
leaded boion lo\icitv ^vould occui Loienz (8) ivoiking with beets 



Figure 2—Efiect ot '*oil pH on tli^ retention of potab&iuin against leaching 
Tieatment 9 inch boil prohlc in -i-gdllcn hsimetei-. tieited with NOj and K SO 
in solution at lates ot 570 and d 70 pouni*- p«i acie respectneh and leached 36 
hour** u delner 2^ inches ol leachate \olk and Bell (181 
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t(und that adflitionb of calcium to ])uioii to\ic bOil> would alleviate lioion 
tc\lclt^ and he sugs'e-ited that thib was due to the re^toiation of the pioper 
Ca B latio Pui\is and Hanna (13) weie able to restoie noimal giowth 
to boion deficient plants on o\ei limed soils h^ adding a source of a^ail 
able boion 

1 VBLE 1—^iNiLurNci oi 1 on( LsiverisuiD Ia4CiioN ii\ils in 1 vkilcnd I im 
S v'SD Lpon iHi LI \i I or N\Ti\r iM> \i i lu d \ti i Sor i pn Bor on (4sn\r 
\>\ IN Vrr Driid ’son 

Sell frt itment 

^atl\e soil boron 
after 20 veara <ppm boron) 

4 months after 200 lbs 
borax per acre (ppm boion I 

12 month«a after 200 lbs 
borax per acrt (ppm b< ion) 

*■ Tests made on 0 6 inch dtpth 

“ 5 27 and 5 20 obtained by adding sulfur, 5 44 nvis noimal pH and tlie soils 
haling pH levels of 6 39 6 6S and 701 recentd hmc 

\Sinsor (20 211 working on Florida soils, found that the letenlion 
of nati\e and applied boion was gieater at the higher pH levels (Table 1) 
but that the maximum plant uptake was at about pH 5 8 to 6 0 (see 
Table 2 for effect upon collaids) Winsoi stated that the retention of soil 
boion by excesbivel} high leaction levels wats at the expense of plant 
assimilation Biioux and Jones (21 altiibute the conveision of boron 
to the unavailable state in the ovei limed soils to the foimabon of insoluble 
calcium borate, while Bobko et al (1) suggest that o\ei liming stimulates 
microbiological activity which depletes the soil solution of available 
boion These theories, howevei have not been widely accepted 


‘d27_| 

L520 

1 

pH 1 < vels 

1 5 44 6 39 1 

1 1 

663 1 

1 

7 01 

0 08 

1 

006 

1 

0 09 

1 1 

1 

0 10 

1 

010 1 

1 

016 

0 27 

0 28 

0 69 

0 61 

066 

0 95 

0 20 

017 

017 

1 

019 

1 

0 32 

0 36 


T4BLE 2—IvFiutNci or Rlccuov Lncis iv I vkil^m) hiM S\nd Uion Loron 

UpTCKI B\ CoIIXRDS 4S DuIRMINEDM I \IR\ClION IROM 1 OI 1 \C1 AND BN A.SHINC 
(Vs nijciasrims of boion liom 5 sq tm of (oliigc) 



Pduiuls pt I Vc rt 1 

S< j| pH 

1 

Boion 

Borax 

1 Rcaciion SuppUmtnt | 

1 B> Fxiidcrioii 1 

I 

H> Vshin. 

10 

1 1 

Sulfur 500 

131 

1 

0 31 

0 84 

^D 

None 

5 14 

041 

092 

10 

Linu 500 

5 78 

0 12 

096 

10 

1 Linit 1500 1 

5 99 

0 51 1 

116 

10 

1 Limt 1500 1 

666 

036 1 

099 


Zixc, Copper and Mvncxnesl 

Zinc copper and manganese aie afiecled by pH in much the same 
wav as boron in that raising the pll decieases their availability 
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Peech 1121 added copper and zinc at the rate of 100 pounds per acre 
to samples of Lakeland (Norfolk) fine sand, and after adjusting the pH 
ivith sulfur and lime, brought them to 50fc moisture content, left them 
48 hours and extracted the available copper and zinc. His results, shov^n 
in Figure 3, indicate that the extractable copper and zinc decrease rapidh 
nith an increase in pH and this decrease is much greater 'svith copper. 


Poonas 
recovereci 
per acre 



Figure 3.—Effect ot pH on lecovei} of Zn and Cii from Lakeland l!So!tolk> fine band. 

Peech (121. 



Figure 4.—Effect of pH on uptake of zinc by Camellia oats giowi. Lakeland 
(\orfol k \ fine sand, < 221. 
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Sleckel <16) growing soybeans found that manganese deficient soils 
had a pH of 6.5 or greater. \Vu (22) found that the uptake of zinc b) 
oats was much le^s at higher pH values. Her results are shown in Figure 4. 

It also has been found that liming soils of low pH value will counteract 
tovicitv of these elements. This seems logical since liming would cause 
the quantity in excess to become unavailable. Similarly, liming l)order 
line soils would probably cause deficiencies. 

For better prescivalion of copper, zinc and manganese in acid soils 
moderate liming is beneficial, leaching becomes less at the expense of 
availability and it is a matter of weighing these two factors under Florida 
conditions. If just enough lime is added the decrease in availability 
might not be serious since the quantities of these elements required by 
plants are small; but if no lime is added to some of the more acid soils 
the losses due to leaching could result in se\ere deficiencies. 

CONCIXSION 

Some oi the etiecls of lime on the availability of nutrient elements 
have been review^ed for nitrogen, phosphorus, potassium, molybdenum, 
boron, zinc, copper and manganese. 

It can be said v\ith certain reservations which include disease control 
and special croi)s. that Florida soils below pH 5.5 should be limed if 
more efficient utilization of applied fertilizer is desired. Similarly, under 
Florida conditions pH values above 6.5 should be avoided because of 
the reduced availability of many of the minor elements, for example, 
manganese, zinc, copper and boron. pH values above 6.5 have frequently 
resulted in deficiency of these elements atid is known as ovevliming injury. 
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THE USE OF LIMING MATERIALS ON ROW CROPS 
AND PASTURES 


W. G. Blue ^ 

There are essentially three reasons for applying liming materials to 
Florida soils. They are: (a) to change the soil reaction (pH), (b) to 
supply the essential plant nutrients calcium and magnesium, and (c) to 
reduce the loss of nutrients by leaching. These are not necessarily listed 
in order of importance since this is not always the same but depends on 
the combination of soil and crop in question. 

The soil acidity tolerance of plants used for row crops and pastures 
is quite variable but most of them grow belter at a pH range above 5.5. 
Most legumes are particularly sensitive although there is some question 
as to whether their lack of tolerance for acidity is due to the short supply 
of calcium associated with acid soils or to injury to their symbiotic 
bacteria. Since many Florida soils are too acid for optimum growth of 
most economic plants, liming materials must be used to reduce their 
acidity. The amount of lime w^hich should be applied to obtain the 
desir^ change in soil reaction is not a constant factor but is dependent 
on the base exchange capacity and the degree of saturation of the soil 
colloids with bases. Table 1 shows the amounts of high grade calcic 
limestone necessary to raise the pH approximately 1.0 unit for soil areas 
with different exchange capacities resulting primarily from diilerent or¬ 
ganic matter levels (19). 

TABLE 1.— The Maximum Ai\ioq^t of Grouisd LIME^.TO^E Which Should Be Ap¬ 
plied AT One Time to Obtain 1.0 Unit Change in pH. Volk (19). 

Pounds per Acre of 
Agricultural Lime- 

Soil Group stone to Raise 

pH 1.0 Unit 

500 

lOOO 

1500 

2000 

2000-6000 
6000 


Scrub land sands and white sands in general . j 

High pine land fine sands and light gray flalwootls sand-a . 

High pine land loamy fine sands and inedhim gray flat woods 
sands . 1 

High pine land sandy loams and dark gra> flat woods sands ^ 
and sandy loams . 

Clay loams, ela>s and black mineral soiJ.s depending upon I 
texture and humus content . 

Peats and mucks . 


Most of the soils used for production of row crops and pastures in 
Florida are sandy and slightly to strongly acid. These conditions are 

* Assistant Biochemist, Agr. Expt. Sla., Gainesville. 
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indicative o£ boils in which leaching is ver> active and the result is a 
deficiency of the essential basic elements calcium, magnesium and potas¬ 
sium. It is generally necessary when improving these soils to apph 
liming materials to prevent possible deficiencies of calcium and magnesium. 

Volk and Bell (18j have sho\vTi that potassium, ammonia nitrogen, 
magnesium and calcium leach less severely from slightly acid soils than 
from highly acid soils. Neller el al. 114) have shown that larger per¬ 
centages of applied phosphorus are retained by sandy soils when the 
acidity is reduced by liming. On the other hand, most of the essential 
minor elements become more insoluble and unavailable for plant use at 
soil reactions maintained near neutrality as compared to more acid con¬ 
ditions, particularly on the lighter sandy soils. Peech stated that the 
soil reaction should not be increased above pH 6.0 in order to avoid 
minor element deficiencies (15). 

ROW CROPS 

Experimental work with com and cotton in Nortli and West Florida has 
not shown consistent response from the application of either high calcic 
lime or dolomite. Small yield increases ha\e been reported for corn and 
cotton in some instances at the North Florida Station (20, 21. 22). In¬ 
vestigations in other parts of the comitr) have shown that lime applied 
to soils '^vith pH \alues similar to those of North and West Florida has 
benefited these two crops.. This response has been attributed primarily 
to tile increased availability of essential elements other than calcium and 
magnesium and to the change in soil reaction to favor increased microbial 
activity. The accelerated decomposition of the large reserves of organic 
matter and the accompanying decomposition of primary minerals in the 
soil released both nitrogen and the inorganic elements, which in some 
cases resulted in phenomenal yield increases. The practice of using lime 
alone practically devastated the soils of some areas of the East and 
Midwest before it was realized that other soil amendments and good 
management practices in addition to lime are necessary to maintain soil 
fertility. 

Lime has been indirectly beneficial to non-leguminous row crops 
through its favorable action on the preceding green manure crops. Sweet 
clover which is used in many areas as the major green manure crop 
responds w’dl to lime on most soils, but lupine, which is tlie predominant 
green manure crop in Florida, does not respond consistently to applica¬ 
tions of lime even on soils which are quite acid. The reason for this 
is not fully understood. However, the tolerance for acidity of the sym¬ 
biotic bacteria associated with lupine is greater than that of most legumes 
I9). It has also been reported that lime may not only fail to benefit 
lupine but may be injurious (6 K Lupine is highly beneficial as a green 
manure crop in row crop production but because of its peculiar nature, 
lime does not usually enhance its value. 

The requirement for calcium and magnesium by non-leguminous crops 
is usually less than that for most legumes and it is possible that sufficient 
amounts of these elements are supplied in the low analysis mixed fertil¬ 
izers used in their fertilization. Superphosphate contains about 20 per¬ 
cent calcium and in addition many companies use dolomite as the filler 
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lor fertilizers ^\hicli are to be used on acid soils. ^"Floats,” a product 
of the phosphate industry, is another material used which contains calcium. 

The selection of new experimental areas each year has been one 
diortcoming of research involving lime applications on Florida soils used 
for growing these crops. Yields have also been low, and in man} cases 
drought} conditions, thin stand of the crop or a greater deficiency of 
the other major plant nutrients have probably piecluded }ield responses 
from liming materials. At present, soil management experiments involv¬ 
ing the use of liberal quantities of nitrogen, phosphorus and potassium 
w ilh green manure crops and the use of proper cultivation practices have 
resulted in as much as threefold increases in yields of corn. The increased 
demand for calcium and magnesium brought about by larger yields should 
better establish the extent of need for liming materials on these soils. 

The nutrition of peanuts presents a more complex problem than that 
of most row crops. The need for calcium and magnesium by this legu¬ 
minous plant is> rather high, yet Killinger el al. (12) reported ihat 
peanut yields in Central and North Florida were not increased by the 
use of either high calcic limestone or dolomite. Davis (7) reported 
that for soils in southeastern Alabama lime increased the yields of 
peanuts if the soils contained less than 0.72 m.e. of calcium. The number 
of mature kernels was also increased. Other workers (5, 13) have 
reported results similar to these and have indicated that the exchange 
capacity must ha^e a high degree of saturation with calcium for best 
yields. 

PASTURES 

The improvement of pastures in Florida has been of relatively recent 
occurrence and it has been possible to profit by earlier work in other 
areas. Since the lack of water may limit yields of pastures the initial 
tendency has been to establish improved pastures on areas having good 
moisture relationships. This condition is favorable for excellent response 
to lime and other soil amendments. Both the heavier soils of west Florida 
and the sandy flatwoods soils of peninsular Florida are being used ex¬ 
tensively for improved pastures. The fertility of the soil of both these 
areas in the virgin slate was relatively low. The pH of the soils in the 
flatwoods areas is in general lower than that of the soils in west Florida. 
The range in pH for virgin flatwoods soils is about 4.0 to 5.0 while the 
pH values for soil^, in north central and west Florida ranges from about 
pH 5.0 to 6.0. 

Contrary to the results obtained with the row crops, pasture plants, 
both leguminous and non-leguminous, have responded favorably to either 
high calcic limestone or dolomite in Florida. This is also true for most 
areas of the United States outside of the alkali areas of the west and 
southwest. 

Blaser, in 1938 (Ij, showed that adapted strains of clover could be 
successfully grown when adequate quantities of lime and fertilizer were 
applied to the soil. Ground high calcic limestone at rates of 2000 to 
4000 pounds per acre gave good results, and good clover growth was 
obtained with soil acidity varying from pH 4.9 to 6.0 and above. Both 
high calcic limestone and dolomite gave good results. In other work 
Blaser et al. (2) used a treatment of 2000 pounds of high calcic lime¬ 
stone, 600 pounds of superphosphate and 100 pounds of muriate of potash 
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per acre for mixed piantingis of California bur and White clo\er on 
Leon fine sand pH k9 and Plummer fine sand pH 5.3. The substitution 
of dolomite for the high calcic limestone resulted in significantly lower 
} ields on Leon fine sand, while yields were about equal on the Plummer 
fine sand. Yields on both soils were lower where the amount of lime 
used w'as decreased. There w’as also a differential growth of the two 
clovers. California bur, a Medicago species, made up a progressive!} 
smaller percentage of the number of plants as the lime was reduced. 
Also a reduction in the amount of high calcic lime applied, or the sub¬ 
stitution of dolomite, decreased the calcium content of both clovers. The 
Trifolium clover& w^ere well nodulated in all cases but the number of 
nodules was reduced as the amount of lime was reduced. The number 
of nodules on the Medicago-Melilotus clovers was less than on the Tri¬ 
folium clovers with the standard treatment and nodulation was practicall} 
eliminated where no lime was added. 

The need for selective liming of different clover combinations wab 
previously emphasized by Stokes et al. (17). On an acid flatwoods soil 
the Medicago and Meliiotus clovers gave greater response with high 
calcic limestone than with dolomite, while the Trifolium clovers responded 
equally well to either lime source. It is known that the former two 
genera of clovers favor higher pH values than the latter, either because 
of a high calcium requirement or the effect of the calcium on soil acidity 
and their s}mbiotic nitrogen fixing bacteria. Since the rale of solubilit} 
of dolomite with the same fineness of grinding is only about 50 percent 
as rapid as for high calcic limestone, the soil reaction would change more 
quickly with high calcic limestone and greater response would be obtained 
wdth the Medicago and Meliiotus clovers from it than from dolomite, 
particularly the first year. Hodges (11), at the Florida Range Cattle 
Station, reported that most flatwoods soils require about two tons of 
lime per acre for clovers and that either high calcic lime or dolomite 
may be used. 

Gammon et al. (10) in recent work at the West Florida Station on 
Carnegie and Tifton fine sandy loams have demonstrated clearly the 
need for lime on the heavier soils of West Florida. These data are shown 
in Table 2. The indicator pasture plants were White clover and Dallis 
grass. Dolomite was used because it was readily available in that area, 
but there was no veadih apparent advantage or disadvantage from its 
use over high calcic limestone. One-ton per acre of ground high grade 
dolomite gave the largest vield increase per unit applied. Small yield 
increases resulted from rates of dolomite up to four tons per acre. Sin(*e 
the amounts of other nutrientb added are now known to be only moderate!} 
high it was suggested that a tv\o-ton rate might be more desirable. 

The response of clovers to liming materials is probably due both to 
the increased calcium supply and to the increase pH of tlie soil. The 
svmbiotic nitrogen fixing organisms associated with most of the clovers 
do not function efficiently at pH values much below 5.0. The optimum 
pH for some of them is above 6.0. 

In 1938 it was reported that response with pasture grasses was ob¬ 
tained with mixed fertilizer on limed plots but not on unlimed plots (16). 
The pH of the soils varied from 5.64 to 6.02 on unliraed plots and from 
5.89 to 6.32 on the limed plots. Six hundred pounds of Ca(OH )2 per 
acre was used as the liming material. The favorable effect of the lime 
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could have been the result of either the correction of a calcium cleficienc) 
or a greater retention of other essential nutrients rather than to the 
reduction of acidit> as such. Dlaser and Stokes (3) reported that the 
omission of lime from a fertility program for pure stands of carpet grass 
resulted in retarded growth and plants ^vith a lower calcium content. 
Yield responses from grasses seem to result to some extent from the 
calcium applied and certainly the calcium content of the forage plants 
is increase. However, much greater response results indirectly through 
the stimulation of clover growth and nitrogen fixation and the subsequent 
release of this nitrogen and inorganic elements for utilization by the 
grass plants after the clover has become dormant. Thus, in cases of 
grass-legume combinations which are being recommended for all areas 
with suitable moisture relationships, responses from liming materials are 
very high for both groups of plants (4, 10). 

TABLE 2.~EFFncT of Liml on FiRsi-YrA-R Yields of Loijsi4nv. White Cl(>\u{« 
Dallis Grass Pasture Plots at West Florida Expkrimlnt Station. Cwtmon <10) . 


Dolomite' Soil I Feitilizei | Yields Vii-I)i> Heibag^e in per Acre 


Lbs./Acre 

1 pH 

iLbs./ \cre 

Foimuld 1 

1 4-1-19 ' 

,5"-16-1.9l 

8-11-19 1 

p 

p 

Total 

0 

5.33 

600 

0-15-10 

93 

1 

272 

1 1523 

1 

128 1 

2316 

2000 

5.88 

600 

1 

0-15-10 

423 

750 

2232 

.>98 ' 

4003 

1 

1000 i 

1 

6 23 

1 

600 

0-15-10 

456 

925 1 

2685 

676 1 

4742 

8000 

j 6.51 

! 600 ’ 

1 1 

0-15-10 

410 

951 

2900 

698 

1 

4959 

1 


Yields first year after application of dolomite. 

Yields from first two cuttings represent white clover, and from Iasi two Dallis 
grass. 


Where ammonium forms of nitrogen are used for grass fertilization 
on highly acid soils, response from lime is also obtained through the 
decrease in soil acidity which creates more favorable conditions for 
growth and activity of the nitrifying organisms and results in a grealei 
supply of nitrate nitrogen for grass nutrition. This is particularly true 
on some of the flatwoods soils such as the l^eon fine sand which frequenth 
has pH values below’ 4.5. 

Experimental evidence has not shown dolomite to be of any value uvci 
calcic limestone for pastures. However, liming materials of some type 
must be used for satisfactory yields from pasture areas along wdlh addi¬ 
tions of the major elements and in some cases the minor elements. Dolo¬ 
mite usually gives results nearly comparable with high calcic limestone, 
and principles of soils and plant nutrition would indicate that fully as 
good results would be obtained if the dolomite were applied sufficiently 
in advance of seeding to allow for some decomposition. Dolomite has 
not increased forage yields over high calcic lime but the magnesium 
content of the forage is increased. The lack of yield response is some¬ 
what confusing since most Florida soils are relatively low in magnesium. 
Forbes (8) reported that the bulk of magnesium in the flatwoods soils 
is present in the soil organic matter. The most reasonable explanation 
for lack of response is that areas chosen for pasture improvement are 
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comparati\ely high in organic matter and this supply of magnesium 
supplemented with magnesium added in the high calcic agricultural 
limestone or in the filler material of mixed fertilizers. 

The problem of maintaining soil fertility becomes increasingly difficult 
when vegetative material is removed from the soil by clipping or b} 
intensive grazing. As more is learned about methods of curing ha\ 
under Florida conditions, greater quantities of forages may be removed 
from the soil to meet the demand for supplemental feed. Accompany ing 
this will be a greater removal of plant nutrients, and it is likely ihal 
this factor, conibined with continued use of the land, will create a need 
for dolomite and possibly minor elements. 

SUMMARY 

The field crops gro^sn principally in north and west Florida do not 
respond consistently to either high calcic limestone or dolomite. 

Pasture plants, both legumes and non-legumes, respond well to either 
high calcic limestone or dolomite on most mineral soils in the state but 
from the standpoint of yield increases there seems to be no benefit from 
dolomite over high calcic limestone. Pasture grasses planted in pure 
stands usually respond much less to lime than do pure stands of legumes, 
but in mixed plantings the grasses respond very favorably because of 
larger quantities of nitrogen fixed by the legumes and the release of some 
of this nitrogen for utilization by the grass when the legumes become 
dormant or die. 

Even though some crops do not show a direct yield response to lime 
applications it is generally recommended for mineral soils that the entire 
farm area be limed to give a pH of about 5.5 to 6.0. This soil reaction 
will favor pasture plants and should improve row crops since more 
nitrogen will generally be fixed by legumes which respond to lime. The 
active organic matter wdll also be maintained at a higher level and the 
amounts of essential nutrients lost by leaching will be appreciabh 
reduced. 

\^Tiile liming materials are extremely beneficial if pr^erly utilized, 
there is some danger of overliming sandy soils of low buffer capacity if 
caution i& not observed. Overliming can make minor elements unavail¬ 
able and the productivity of the soil may be seriously impaired. It 
should be remembered that it is much easier to increase the pH to the 
proper level than to reduce it, in case it is too high. 
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THE LIME REQUIREMENTS OF VEGETABLE CROPS 
ON THE SANDY SOILS OF THE LOWER 
EAST COAST OF FLORIDA 

W. T. Forsee, Jr.. N. C. Hayslip. W. A. Hills and Emil A. Wolf ^ 

The discussion of lime requirements of any crop on the sandy soils 
of the Florida lower east coast involves a consideration of pH and calcium 
and magnesium needs. Methods of pH determination have been reviewed 
in some detail by Carrigan (2) and Volk (5). The effect of pH on the 
availability of ions in light sandy soils has been investigated and reported 
by Peech (4). The significance of pH as it relates to lime requirement, 
movement of surface applications of liming materials, base saturation, 
retention of potassium and ammonia, and solubility of phosphates also 
has been investigated and reported by Volk (5). 

Liming experiments with vegetable crops have been conducted by the 
authors on the sandy soils of St. Lucie, Martin and Palm Beach Counties. 
Results of one experiment have been reported (3). This discussion is a 
re\iew of the work that has been done to date by investigators at the 
Everglades Experiment Station on sources and application rates of liming 
materials used with ’segetable crops on the mineral soils of the lowei 
east coast of Florida. 

The results of the liming phases of an experiment conducted during 
the spring of 1947 on Immokalee fine sand in St, Lucie County with 
tomatoes are recorded in Table 1. This soil had not been limed and 
the average analyses with respect to pH, Ca and Mg are represented by 
those reported for the check treatment, Table 1. The basic slag, dolomite 
and hydrated lime were broadcast at the rates of 2000, 2000 and 1000 
pounds per acre, respectively, about three months prior to collection of 
the soil samples and about five months prior to collection of the tissue 
samples, the average analyses of which are recorded in Table 1. The 
analyses of both soil and tissue samples, correlate very closely with each 
other and the various treatments. The total yields of tomatoes were 
increased significantly by all of the liming treatments. Random samples 
of mature green tomatoes i\hich appeared to be externally sound were 
collected during the third picking. Six fruit from each plot were cut 
in half, examined and scored for a condition that may be described as 
an internal browning and hardening of small areas within the outer and 
radial walls of the fruit having the appearance of granules of brown, 
cork-like material. These scores, also recorded in Table 1, indicate that 
liming had a significant effect on the reduction of this condition. Although 
not statistically significant it may be of some practical significance that 
basic slag, of all the liming materials used, gave the highest yields and 
lowest incidence of internal necrotic tissue. 


^ Soil Chemist, Associate Entomologist. Associate Horticulturist and Assistant 
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rVBLE 1. Rliation of Limlng TR^ATME^T TO Soil vnd Ti^bUL AN\L\bEb ano to 
^ lELD v^D QuALm OF Tomatoe:s ON Immakalkl Fine S4ISD i> St. Lucil Counts. ‘ 


1 

Soil 

1 

Analyses 

Tis'.ue Analysesf 
Oven-Dry 

Tomatoes 

Total 1 Score lor 

1 

pH 

Ca 

Mg 

Basis 

1 

('>) 1 

1 Yield, 1 
Field 

1 Internal 

1 Neciotic 

1 

Lhs/ \ 

Lbs/V 

Ca 1 

Mr 

1 Crates/A 

1 Tissue J 

Check 

~ 1 
4.75 

169 

10 

0.59 1 

1 

0.33 1 

151 

1 43 

Basic Slag 

6.13 i 

495 

35 

0.75 1 

0.42 

273 1 

10 

fl>drdted Lime 

6.56 1 

497 

18 

0.73 1 

0 44 

263 1 

15 

Dolomite 

6.31 

413 

113 

0 64 1 

0.57 1 

235 

20 

L.S.D. (19:1) 




on 1 

1 

0.06 1 

1 

_! 

48 

23 

1 _ 


* Average of four plots. 

■ Gla«s electrode method for pH, 0.5 A acetic acid soluble Ca and Mg. 

f Filtrates from extraction of Iresh stem li'^sue in a Waring Blendor with 0.5 \ 
acetic acid. 

J Internal bio^\ning condition oi six e\teinall> ‘«ound mature gieeii fruit iioni 
(*ach plot bcored on the basih of none “= 0, slight 1, medium = 2 and severe 3. 

§ Basic slag and dolomite applied at late ol 2000 pound*- and h>draied lime 
at 1000 pounds per acre. 

A similar t\pe experiment wa& conducted with tomatoes and bquash 
on a Suniiiland fine sand in Martin County during the 1917-4B season. 
The results of that portion of the experiniciu dealing with the effect of 
liming materials on tomatoes are recorded in Table 2. The dolomite 
and slag were broadcast at rates of 1000 pounds per acre in September 
and again in February prior to collection of soil samples in March and 
tissue samples in May. Here again good correlation was obtained be¬ 
tween soil tests, tissue tests and treatments. Tomatoes showed a sig¬ 
nificant yield response to basic slag treatments. Since the soil reaction 
before liming was quite satisfactory, pH 5.76, it i& not at all surprising 
that the jield responses were small. After the first two pickings it w’as 
noted that fruit from some of the treatments hatl a tendency lo become 
soft after harve.sting and to break down severe!) during shipping. In 
order to check the relationship of this characteristic to treatment, one 
hox of fiuit was saved from each plot during the fourth picking. After 
washing and sorting in the field each lot of fruit was run over the belt 
at a packing house and waxed. The boxed fruit samples were placed in 
a refrigerator car for six days, removed and allowed lo stand at room 
temperature for three more days. Ten days after picking tlie tomatoes 
were then examined for spoilage and internal quality. There were no 
differences in spoilage with respect lo treatment as determined by an 
examination of external condition. Twenty-five ripe and externally sound 
fruit from each plot were cut in half and examined for internal break¬ 
down consisting of soft, light-colored or yellow spots in the walls between 
or around the seed sections. Many of ihe fruit showing such symptoms 
had a strong odor and taste of over-ripe tomatoes. The results of this 
examination with respect to liming treatment are recorded in Table 2. 
Highly significant differences were obtained. Fruit from the basic slag 
plots was statistically more sound than that from any other treatment. 
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Ho\\e\er. tlie dolomite treatment pioduced fiuit stdli&ticdllN moie bound 
than the check tieatment. 

r VBLE 2 .— KI'L'Ilo^ or Limino n» nju and VwL'iM^ \nd lo 

\iiiDs vM) Or Aim ()i loMAror^ O’n bTNMi\M) Fin. b'M) in \UK^^ Cotmi 
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pH 
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1 
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Sohen- 


Lb. A _ 

Lbs/ V 

Ld 

Mu 

Cidtes/ V 

ing (^f » 

Check 

1 

1 5.76 

m 

23 

1 

0.81 

1 ‘ 
0.29 

55o 

1 

16 

Dolomite 

' 6.67 

638 

95 

0 92 

0.44 1 

588 

34 

Basic Slag 

7.04 

721 

41 

LOO 

1 0.31 

627 

23 

LS.D. (19:1) 


1 




15 

11 


' Uerage of five plots. 

Glass electiode method loi pH. 0.5 V acetic acid soluble Ca and Mg. 

t Filtiates irom extiaction ol Iresh stem tissue in a Waring Bleiidor with 0.5 \ 
acetic acid. 

J Percent of externally sound fruit showing some foim of internal bieakdown 
ahei ripening. Estimates made J. C. Hoffman. Associate Horticulturist, Eveiglade^ 
Experiment Station, Belle Glade, Florida. 

§ Dolomite and slag applied bioadcast at 2000 pounds per acie in two equal 
applications. 

A second crop of tomatoes was grown on the Martin Count} plots 
during the fall of 1948. Bacterial wilt depleted the stand to such an 
extent that there was no way to measure yield variations with respect 
to treatment. A random sample of 50 tomatoes was collected from each 
plot at the time of the fourth harvest. Average weight per fruit was 
larger and the fruit were firmer from the limed plots than from the un¬ 
limed plots but the differences were not statistically significant. Two 
other experiments with tomatoes on Immokalee fine sand in eastern Palm 
Beach County failed to show any significant differences with respect to 
yields and quality among eight different liming treatments. 

In both experiments represented by the data in Tables 1 and 2 some 
foliage symptoms of magnesium deficienc} were noted on part of the 
check plots. The symptoms were more seveie on the plots represented 
by Table 1. A careful study of the soil and stem tissue anal} sis data 
in Tables 1 and 2 indicates that no magnesium deficiency was diagnosed 
where the soil lest for Mg was 35 pounds per acre or aboxe and where 
the stem tissue showed 0.31 percent or more of this element. In order 
to insure, wdth some margin of safeU, absence of magnesium deficiency 
on tomatoes these data indicate that the soil should test above 40 pounds 
per acre and the extracted fresh stem tissue about 0.40 percent or higher 
on the oven-dr}" basis. 

Soil heterogeneit} caused by small patches of marl and soft limerock 
near the surface in some plots on the experimental area in Martin Count} 
classified as Sunniland fine sand afforded gin opportunity to study the 
response of tomatoes and yellow crookneck squash to soil pH, whether 
caused by naturally occurring lime or applied lime from giny source. 
A scatter diagram of squash yields is show-n in Figure 1 and of tomatoes 
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PER ACRE 


FIGURE I-SCATTER DIAGRAM OF SQUASH YIELDS WITH SOIL pH® 


213 


Correlation Coefficient = -0.385 
with odds of approximately 99-1 
that the correlation is significant. 





RATES PER ACRE 





9 Correlation Coefficient - 0.496 
with odds of greater than 99-*i 
that the correlation Is significont 





ill Figure 2. The yield trend lor squash was dovviuvaid a& the pH in¬ 
creased from 5.60 to 7.90 while the yield trend for tomatoes was upward 
as the pH increased from 5.30 to 7.60. Although not conclusive, the 
data indicate trends that should be considered when contemplating a 
liming program foi either of these crops. In contrast to ihe'^e data 
Beckenbach (1) in 1916 obtained reduced yields ol tomatoes with high 
lime treatments on Bradenton fine sand) loam while in 1943 die^e was 
no }ield response in the same crop with pH increases from 4.B to 6.8. 

Treatments consisting of several lime sources and g)psum applied at 
rates of 2000 pounds per acre were made to a set of plots established in 

1949 on Immokalee fine sand in eastern Palm Beach County. These 
plots were planted to several different vegetable crops duiing a three 
year period. Some of the data are recorded in Table 3. Although soil 
samples were collected during each crop, only the a\erage analyses for 
those obtained during the spring of 1950 are recorded in the Table. The 
effects of the liming treatments on the soil pH, and on the Ca and Mg 
contents are obvious and somewhat according to expectations. The laige 
amount of magnesium in dolomite and the somewhat smaller amounts in 
the slags are reflected in the results of the soil tests. Although 2 percent 
MgO had been included in the fertilizer for the gypsum treatments foi 
almost two year’s of cropping, it did not show in the test. Evidently the 
unused amounts had been lost through leaching. Most of the calcium 
in the gypsum was not removed by the 0.5 N acetic acid used in the soil 
tests to extract the bases. Some of the average vegetable yields for 1949. 

1950 and 1951 are recorded in Table 3. The only crops that showed 
statistically significant yield increases to applications of any of the lime 
sources were snap beans and sweet potatoes. Beckenbach (1) reported 
higher bean yields in 1944 with the use of dolomite applied at the rate 
of 1500 pounds per acre on Bradenton fine sandy loam. Squash, Table 3, 
showed a tendency to increased yields but the differences were not 
statistically significant. This is a reversal of the trend indicated by the 
scatter diagram of another experiment represented in Figure 1. How^ever, 
the latter crop was grown in a pH range of 5.60 to 7.90 while the range 
in the experiment of Table 3 was 4.68 to 5.90. Lima beans showed a 
tendency tow^ard decreased } ields due to liming. Gypsum with soluble 
magnesia gave no yield response with any of the crops. In fact, all 
yields with but one exception were below the check and this exception, 
snap beans in 1950, was equal to the check in yield. 

The danger of overliming, which is a distinct possibility on light soils 
when intensively cropped, is a question of considerable importance and 
one which may involve extensive damage to the soil especially where 
soluble hydrated forms are used. During the 1950-51 season a series of 
experiments was conducted on a Suniiiland fine sand in Martin County. 
The area had been previously limed two times within a year with basic 
slag and a high calcic form to an average pH of 6.36. Dolomite, high 
calcic limestone, basic slag and hydrated lime were applied at rates shown 
in Table 4. Sweet com and cucumbers were planted, the sweet corn as 
an early winter crop and the cucumbers in tlie spring. The average 
analyses of soil samples collected from the plots about six months after 
the liming materials were applied are recorded in Table 4. The pH 
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Liming md tiials and g>p'^um hid been apphed at the late of 2000 pounds pei icic Jii ti o application^ 

Aveiage foi n\() vaiietifs i\hose Mild ticnds weie similii with icspect to tieatmtnl 
t \\eidgt'' of anihsts made, on sunpks collcctid in 1950 Gliss cleetiodc n efhod loi pH 0 ^ iiMi< u id Iiililc ( i ind 



\ ilue& had iioL incieastd above 6 91 on an\ of the tuatnient^ IJie liiiheNt 
pH \alue fiom dolomilo applied al 1000 i)oufuU pci adc w only 6 65 
This lb in agieenieiU with expenmenl^ of Bcckcnbich 111 who lepoiLed 
in JO 19 a ma\iinum pH of 6 9 which chopped aflci si\ ihoiiIIh to 6 5 
iflei the last oJ a stius of seven \t iilv applications ol 1500 po ikU 
pel acie of dolomiU had been made on the Biicbntoii fine samK loan 
The analyses foi ( a and cleaily show ihe jcliLive amounts ol these 
okmenls picbent in ihc soil aftei licalnient Swftl coin showed no ^leld 
ibheienees oi even liencls e\eept that theie was slight tendenc\ lowaiel 
leduecd yields witli hydialcd lime and with the highest dolomite appliea 
lion Although not significant, the length ol unfilled tip on the eais of 
bweet com appeared to be slightly leduced by all of the limmg tieatmenls 
Just pi 101 to the fust haivest ol eucumberb the geneial appearance as 
to giowth, coloi and oveiall vigoi of the vines was scoied by a commei 
cial cucumbei growei The aveiage scores and yields aie lecoided in 
Table 4 Although not significant, the vine scores on general appealance 
tended to improve with all tieatmenls except hydial^ lime which was 
the same as the check The basic slag Uealmenl yielded highei than the 
check while all other yields weie equal to oi just slightly less than the 
check It may be noted that the basic slag treatment also gave the highest 
appeal ance scoie On an adj icenl aiea cucumbeis responded outsiand 
ingly to legulai applications of a nutritional spiay containing “Nu M 
a neutial manganese sulfate The appaienl lesponse to basic slag ma\ 
have been due to the manganese contained in this source of liming malenal 
Thiee umeplicated liming tests have been conducted on soils of the 
Tmmokalee and Sunniland senes with fouiteen difierent vegetable ciops 
Generally speaking, all except sweet corn showed yield increases up to a 
pH of appioximately 5 50 to 5 70, and sweet corn showed an improve 
ment m quality and eailiness of matuiiiy Beyond this point the yield 
lesponses have been quite variable, some being positive and some negative 
Lima beans and squash were most consistent m iheir yield deci eases past 
a pH of appi oximately 5 50 to 5 80 Peppei, eggplant, tomatoes and 
snap beans usually lesponded to lime Others weie rather eiratic in 
then lesponses Beckmbach (1) lepoiled in 1919 that ‘'^Biadenlon seiies 
'lOils of pH 5 1 to 6 8 lange will not respond to liming, eilhei in letuins 
fiom a cash ciop oi ni giowlh of leguminous oi other summei covei ’ 
Ihesc and olhei ixpeiiments earned out on the sandy soils ol Honda 
indicau ihdl il would Jk hcsi foi gcneial vegetable production to adopt 
a liming piogiam thal would hold the pH value wilhm a lange of 5 60 to 
6 00 Ihis pH lange seems to lie sale loi most vegetable ciops and is 
fdiily consistent with good soil conscivation piaclices Somewhat Iiighei 
pH values may be maintained foi ceilain vegetable ciops with some 
possibilitv of inereased yields and quality Most of the so called ‘in 
soluble” souices of lime ait lapid enough m their action foi general 
use and seem to be safe to use msofai as the dangeis of over liming aie 
concerned Where magnesium is limiting, as it is on most of the sandy 
soils of the Honda lowei east coast, a magnesium beaiing material is 
recommended at least for peiiodic applications Because of the out 
standing lesulls in mci eased yields and impioved quality obtained from 
open hearth slags, these materials aie suggested foi use in a well balanced 
liming program 


87 



T'VBLE 1. Hwaiion of StMiucLs \mi Vim^lilvuon U.viis of Cliuaiw J imino Mailuim.s ]o N>il ViNal\m:s \iM) to hii. PnoDmioN ot 

SWLM (loRN \M) Clin 'VIBEKs 0^ SHNML\MI FlM S\M)IA MmHJN ('oUNTY. ' 


2 -I 
^ 3 

I 

-ii 

c -J 


I ^ 

^ H| 

= s 

aoc ^ 

- ^1 
?< 


a d 

(ji CO 
12’ 


Q 

CO 

Ti 


a 

CO 

T. 






CO y) 



•73 

O 



_T 3 C 



» •** 
it 


88 



ACKNOWLEDGMENTS 

The authorb wibh lo e\prcbs llieir appreciation lo the Temie^^ee Coal. 
Iron and Railroad Cojnpany Tor furnibhing all the slags and a granl-in- 
aid. pari of which was used lo conduel ihe evperimenls; lo ihe Seaboard 
Airline Railway Company on whose properly some of ihe sludieb were 
conducled; and to Mi. B. G. Leighton of Indianlown who furnished land, 
equipment and labor lo (‘onduel some ol the evperimenls. We wdsh also 
to thank County Agenls L. M. Johnson, Martin ([lounty, C. D. Kime, Si. 
Lucie County, and M. U. Mounts and John H. Cause>, Palm Beach Countv 
and Mr. R. A. Carlton, Seaboard Railway Agricultural Agent, for then 
interest and cooperation during ihe conduct of this work. Finally, we 
particularly wish to thank Mr. T. E. Pennington, Laboratory Assistant, 
Everglades Experiment Station, who helped in the mixing and application 
of all fertilizers and supervised the collection and analyses of all soil 
and plant tissue samples. 


LITERATURE CITED 

1. Beckenbach, J. R., el al (194<3 to 1950). Summer Ciopb, Liming and Related 

Factors in Vegetable Oop Production. Fla. Vgr. E\p. Sta. Annual Repotts. 
Project 405. 

2. Garrigan, Richard V. Q940). M<‘thods of U(‘termiiiation ol Soil pll. Proe. St>il 

Sci. Soc. Fla. 2: 25-39. 

3. Forsee, W. T., Jr., and N. C. llaydip <191*7). \ Ferlilily E\poiiment with 

Tomatoes on Inimokalee Sand in St. Lucie Coimi>. Proc. Fla. Slate Horl. 
Soc., 60: 142-146. 

4. Peech, Michael (1941). Vvailahililv of Ions in Light Sandv Soils as Affected 

by Soil Reaction. Soil Science, 51: 473-486. 

5. ^olk, G. M., and C, E. Bell (1914). Soil Reaction (pH). Fla. \gr. Exp. Sta. 

Bui. 400. 



THE USE OF AGRICULTURAL LIMESTONE AND 
DOLOMITE IN FLORIDA CITRUS PRODUCTION 

[. W. Wander 


The u&e of iineiy oround agricultural limestone or dolomite in the 
})roduction of citrus is practiced by most grove owners or their caretakers. 
However, the reasons for the use of dolomite or lime is not always clearly 
understood e\en bv those who realize the \alue of such materials. The 
limitations of their use on mineral-deficient, acid, sandy soils is often 
confused with their use on heavier, mineral-rich soils. The philosophy 
that if some is good, more ought to be better, with respect to the use of 
lime, backfired on mam gro\e owners. Such misunderstanding has re¬ 
sulted in se.ere damage in the past and. indirectly, by association, is 
resulting in losses of production at present. 

The bad effects from o\erliming citrus in Florida are well known and 
the minor element dificiencies resulting have been described and seen b} 
man}. Although the dangers of overliming should in no way be mini¬ 
mized, it is belie\ed that man} growers have thus been influenced to use 
little or no limestone or dolomite in their regular program. This attitude 
coupled with the practice of using straight nitrogen sources plus high 
anal} sis mixtures containing no dolomite filler is resulting in many 
2 ro\e& becoming too acid for eflicieiU production. 

For this reason it is believed desirable to point out the advantages of 
using adequate amounts of basic materials when producing citrus on 
the acid, sandy soils of Florida. The use of the term lime or basic 
materials in this discussion refers to the use of either finely ground high 
calcium limestone or dolomite. For practical purposes it is felt that 
the two materials can be used interchangeably on equal basis for the 
maintenance of soil reaction. It is understood that at low soil pH values, 
some magnesium wdll become available from dolomite. However, when 
the soil reaction is maintained at from 5.5 to 6.0, relatively little mag¬ 
nesium is available to citrus from dolomite. 

One of the best illustrations of the advantages of soil pH control under 
field conditions can be found in a block of mature grapefruit trees located 
at the Citrus Experiment Station. Duplicate plots {four in all) of 21 
trees each ha\e been maintained since No\ ember 1938 with the same 
fertilizer program, differing onh with respect to soil reaction. Four 
varieties, ilarsh, Duncan, Excelsior, and Walters, are present in each 
treatment and each treatment receives at present a total of 75 pounds of 
a 4-6-8-4-1-1 mixture per tree during the year. The fertilizer applications 
are split into three equal parts of 25 pounds each in the spring, summer 
and fall. Two of the four plots receive finely ground limestone in suflGicient 
amount to keep the soil reaction between 5.5 and 6.0 pH, while two other 
plots receive no supplemental lime and thus show a reaction of from 
4.0 to 4.5 pH. 

Soil samples w^ere taken once each month during the period from 
September 1949 to September 1950 and analyses made for pH, extractable 

■* Citrus Experiment Station. Lake Alfred. 
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calcium, magnesium, potassium, phosphorus, and manganese. Extract- 
able refers to that portion of calcium (or other nutrient) dissolved from 
a definite weight of soil in a definite \olumc of extracting solution, in 
this case sodium acetate buffered at pH 4.8. Soil reaction determinations 
(pH I were made with a glass electrode on a 1 to 1 ratio of soil to %\ater 
mixture of previously air dried soil. 

The average pH and pounds per acre of extractable calcium, mag¬ 
nesium, potassium, phosphorus and manganese in the soil from controlled 
and uncontrolled plots during the period from September 19to and 
including September 1950 are given in Table 1. These results indicate 
the degree of difference in soil analysis which ma} be expected during 
d complete growing season. Although considerable fluctuations occur 
due to effects of fertilizer applications and rainfall, this average represents 
the level of nutrition which can be maintained over a period of lime. 

TABLE 1.—pH ai\d Pounds per Acre Extractable C\, Mg. K. P. Mn. 

I 


I V\erage of 13 Soil Sampler. Taken at Monthly Inter\*al 
Tieatment_ 9/20/4 9- 9/^750_ 


pH -• 1 

Ca 

1 Mg ■' 1 

K 

1 P 

Mn 

Conti oiled . 

5.6 

1123 

1 1 

1 28.3 

61.7 

1 617 

23..5 

L ncontiolled 

4.3 

1 231 

22.1 

1 

57.7 

1 41.1 

1 

10.7 

Controlled 
plots haN(‘ 

1 19 limes 
less acid 1 
L _ 1 

1 more Ca 

1 

1 1 

1 28.0Tc 1 

1 more Mg j 

12.1 

more K 

56.3^ 

' moie P 

1 . 

136^ 
more Mn 


” Arithmetical average. 

It should be noted that these analyses represent results obtained Irom soU 
where the pH has been controlled b> using high calcium limestone. Although the 
availability of magnesium to citrus would be no greater, much higher magnesium 
values would be found where dolomite has been used. This is due to the solubility 
in the extracting solution of magnesium carbonate which has accumulated in ^oils 
from dolomite applications. 

The soil reaction in the plots receiving no lime shows the presence 
of 19 limes as much active acidity compared to the plots receiving lime. 
This is greater acidity than is found in virgin soils of the same type. 
Such a result is to be expected in view of the use of sulfur sprays and 
dusts and the acid forming residues from sulfate forms of fertilizer source 
materials. It is not often realized how much lime is required to react 
with sulfur. To completely react one pound of sulfur requires a little 
over three pounds of lime. Thus the potential acidity added in the regular 
spray and dust program, where between 200 to 300 pounds of sulfur per 
acre per year is used, would require 600 to 900 pounds of calcium 
carbonate per acre per year or its equivalent. 

The amount of extractable calcium is 386 percent greater in the limed 
plots compared to the unlimed areas. Triple superphosphate is used in 
the limed plots whereas ordinary 20 percent superphosphate containing 
50 percent calcium sulfate is used on the unlimed plots in order to make 
the addition of calcium more nearly equal to each plot. Evidently the 
addition of calcium sulfate on the unlimed plots is readily lost b) leach- 
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ing. It is al&o evident that it it. necessar} to maintain a pH higher than 
1.5 to accumulate calcium. 

Tile quantit} of extractable magnesium was found to he 28.0 percent 
gi eater in the plots iecei\ing limestone over the period studied although 
ihe amount of soluble magnesium recehed b^ all plots was the same. 
Vnalysis of variance show ed this increase to be significant. The extractable 
potassium v^as 12.1 percent greatei which is not great enough to be «io. 
niheant but appears to be in fa\oi of the pH controlled plots. The 
increases of bodi extractable manganese and phosphorus are highly sig¬ 
nificant being 136 and 56.3 percent respecthely for the controlled plots 
db compared to the unlimed plots. 

TABLE 2. —^Total Pounds plr \cre C4, .\I^, Cu, and Zn. 


Treatment _ Vver age ot 12 Samples Taken from 8/26/4 8 to 8/15/49 



Ca 1 

P 

1 Mn 

Cu 1 

Zn 

Controlled 

1340 

507 

228 

166 

59 

Ciicontrolled 

1 246 

344 

30 

111 

4.8 

Controlled 
plots hd\e 

' 445^r 

1 »noie Ca 

47 5^r 
nore P 

' 660^ 
T?oie \ln 

iiri\ 
more Cu 

1135% 
more Zn 


A similar pattern is re\ealed when analyses are made for total cal¬ 
cium, phosphorus and manganese in these plots. The total amounts of 
calcium, phosphorus, manganese, copper and zinc in the soil during the 
period August 1948 to August 1949 is showm in Table 2. Analyses for 
total copper and zinc also show significantly greater amounts present in 
the pH controlled plots. It is interesting to note that much less difference 
is found in copper concentration between the two treatments than for an\ 
other element studied except extractable potassium. Evidentl} copper 
is closely related to the organic matter present in the treatments because 
the organic matter content of all plots is nearly equal. 

T VBLE 3.—Yield in Pounds per Tree. 


Treatment 

1948-49 1 

1 

1W9-S0 

1950 51 

3\i. Vva 

i 

Conti oiled 

5.6 pH 

“ \ 
658 

1 

’oS 

1048 

' 687 

L ncontrolled 

4.3 pH 

281 

19S 

561 

348 


It would appear that, if soil analyses are of value in indicating nutri¬ 
tion le\els a\ailable to citrus trees, production should be greater where 
the soil reaction has been controlled. This is substantiated by yield records 
for the past three } ears in these plots as shown in Table 3. 

\ield records reveal a 97.5 percent increase in production during 
the past three years. This has e\idenlly been due to a higher level of 
nutrition maintained through pH control as revealed by soil anal}sis. 
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U mentioned pre\iou&l}. fertilizer applic‘ation& weie oqunalenl on bolli 
tieatmenU. It should be stressed, howevei. that a laige number of soil 
samples spread over a long period of lime (id sample dates cluiing one 
seal I are required to show true dilleience'- thus eliminating fluctuations 
due to rainfall and fertilizer applications. 

The conclusion from such studies ^vould he dial controlling the soil 
reaction on the acid sandy soils planted to citrus through the use of ade- 
(juale but not excessive basic mateiials is ol great importance in providing 
tor increased utilization of applied fertilizeis. 
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THE LIME REQUIREMENTS OF ORNAMENTALS 

R. D. Dickey * 

Experiments designed to gi\e information on the lime and nutritional 
requirements of oniamental plants under Florida growing conditions 
are, so far, few in number. Considerable work has been done, however, 
with other commercially grown plants, for example, citrus, vegetables, 
tung trees and avocados, which show that these plants respond by better 
growth and yields to fertilizer applications. It is to be expected that 
the miscellaneous group of plants used as ornamentals would also respond 
to fertilizer applications. Many observations attest this fact. It follows, 
therefore, that any management practice which would maintain or improve 
the fertility level of a given soil A\ould be advantageous to the plants 
growing therein. 

The exchange capacity of a soil is a good index of its ability to absorb 
and retain a group of important plant food elements designated as 
‘‘exchangeable bases”. Several factors influence this ability, but for light, 
sandy soils, particularly, two of the most important factors are pH and 
organic matter content. Some control can be exercised over both of these 
important factors because organic matter can be added and the acidit\ 
of acid soils can be reduced by the use of lime. 

Work with citrus and vegetables indicates that on sandy soils a pH 
range of about 5.5 to 6.0 is best for the maximum retention and use of 
the exchangeable bases and that this is usually reflected in better growth 
and yields of these commercially grown plants. This being generalh 
true for citrus and vegetables, it is likely that many ornamentals will 
respond similarly, that is, they will attain their best growth and appear¬ 
ance on soils that are not extremely acid in reaction. There seems little 
doubt that many ornamental plants growing on sandy, clay or muck soils 
that are very acid in reaction, would benefit from the application of lime 
either in the form of dolomite or agricultural lime. This point is of 
importance because much of our ornamental plantings are on acid sandy 
soils. 

Soil reaction plots w’ere established at Gainesville, Florida, on light 
4rredondo soil in 1926. The pH reactions determined in 1940, which 
are representative of the pH levels throughout the experiment, are given 
in Table 1. In the initial applications, sulfur was applied to treatments 
1 and 2 at the rates of 1000 and 500 pounds per acre, respectively; treat¬ 
ment 3, untreated check; treatments 4 to 6 were given applications of 
limestone at the rates of 1000, 2000 and 4000 pounds per acre, respectively. 
Smaller amounts of sulfur and limestone were applied in 1931, 1935 
and 1937 to maintain pH at the desired level. Three commonly growm 
ornamental plants, severinia. Ligustnim luddum and Rosedale arborvitae 
were planted in the soil reaction plots in June, 1938. The growth re¬ 
sponses of these plants as measur^ by the average height of plants in 
the treatment is given in Table 1. The data suggest that these three 
species of ornamental plants, if grown on sandy soils having a pH of 
about 5.5 or lower, would benefit from the moderate addition of lime. 

*■ Florida Agricultural Experiment Station. Gainesville, Florida. 
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'1 \BLE 1. -CrRowTiJ OF Thrll Ornvvilm\l Pi in Soil llLvcnuN Plc 


Treatment 

Ornamental Plan* (Height in 

Inche*' » 

1 ” 

So. 

pH 

Seveiinid 

1 

1 Lifiustrum lucidiim 

1 

1 Rosedale arboivitae 

1 

1.48 

12 

15 

I 

11 

2 

4.66 

15 

16 

1 13 


5.4-1 

26 1 

1 29 

22 

1 

6.07 

30 

11 

25 

) 

6.59 

33 

JO 

23 

6 

7.31 

28 1 

1 40 

1 21 


Planted June JO, 1938, mea'^uremenlb taken ^la^ 27, 1911. 

Barnette and i\Io^\r\ 111 reported on a controlled e\periment with 
the Formosa variet} of azalea w^hich w^as started in 1931. A sand\ soil 
with a relatheh h>w content of organic matter and an original pH of 
5.76 was placed in 4-gallon glazed pots and adjusted to give different 
ilegrees of acidit). They found that below pH of 5.00 tlie plants made 
a slow but healthy growth and the foliage was dark green. The plants 
grown between pH 5.00 and 6.00 were health} and twig grow^th was 
lengthened which produced a larger but not spreading plant \'ith dark 
green foliage. Betw^een a pH range of 6.00 to slight!} al)ove 6.50 die 
growth w^as rapid W'ilh distinctly elongated st(»ms between the whorls of 
branches which pioduced a somew'hat open sprawling L}pe of plant. 
Foliage was health} and flowering normal. A distincil} unhealth} plant 
condition w^as observed at pH 7.00 and abo\e e\idenced by shortened 
growth with distinctly chlorotic leaxes and sparse foliage. Experience 
with azaleas growing under field conditions indicates that when the re¬ 
action of sandy soils, particularly, goc^ above a pH of about 6.00 the 
incidence of iron dciicienc), with its resulting unhealth} plant condition, 
is considerably increased. 

Gammon and Wilmot (2) reported their experiment on soil acidity 
and camellia growth. By the use of a nutrient medium with artificial 
zeolites the} were able to establish in 1-gailon jars, artificial media 
which had a theoretical pH range of 3.0 to 8.0. One plant each of four 
camellia varieties was estal)lished in each jar. A picture of the jars used 
in the experiment and the plants growing in them showed that all the 
plants in tlie pH 8.0 culture were dead and onh one plant of four survived 
in the pH 7.0 jar and it had made poor growth. Those plants in the jars 
which had a theoretical pH range of from 6.0 to 3.0 appeared healthy. 
Thev state that it is not known whether the poor condition of the plants 
in the pH 7.0 and 8.0 jars was due to the high sodium content. Camellias 
have often been referred to as one of a group of so-called acid loving 
plants. Under field conditions, however, both healthy and unhealth} 
plants have been observed at a wide range of soil reaction. This seems 
to indicate that they are not as likely to develop physiological troubles 
incident to overliming as they have been given credit for and should not, 
as is frequently done, be listed along with azaleas as being especially 
intolerant of alkaline soils. It is possible that camellias would also 
benefit from the application of lime to very acid soils. 
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Ornamental plants are u&uall} grown in locations that make cullha- 
lion and fertilization as practiced with tree or vegetable plants difficult 
if not impossible. Those individuals who plan on landscaping their own 
grounds ma> have the reaction of their soil determined. If their soil 
luns much more acid than a range of pH 5.5 to 6.0 it would probabU 
lie advisable to adjust the pH to this range by the addition of lime. This 
could be done for shrubs and trees by appl]ying the lime to the area lo 
be occupied b) the root systems of the plants and w^orking it into the 
ground before planting. It is much more difficult to adjust the pH of 
the soil area about established woody ornamental plants, because little 
if any cultivation can be used to incorporate the lime in the soil and 
Volk and Bell (4) have shown that the penetration of lime is ver> low. 

The amount of lime to apply will var;y depending upon several 
factors, some of the most important of which are pH of the soil, organic 
matter and clay content, base exchange capacity, the soil reaction to be 
attained and the liming material used. The information that is needed 
to determine the amount of lime lo apply to adjust the soil reaction lo 
the desired pH is given by Volk (3) in Press Bulletin 606. 

If there were no other consideration than the addition of lime, the 
best material to use for this purpose would be a high grade agricultural 
lime. However, the acid sandy soils of Florida usually run low in mag¬ 
nesium so there is the ever present possibility that magnesium may be at 
or near the deficiency level for some ornamental plants. Because of 
the possible need for magnesium, dolomite should be given preference 
for ornamental plants because it will satisfactorily adust the soil reaction 
and at the same time supply magnesium if that element be needed. 

The ill effects of overliming light sandy soils in Florida have been 
stressed in recent years. With ornamental plants this trouble is usuall} 
present naturally on the alkaline sands of the coastal areas and the marl 
soils of extreme southern Florida. A condition of ov^erliming is often 
produced in very localized areas as the soil immediately adjacent to the 
walls and foundations of brick and stucco buildings often becomes 
alkaline in reaction. Mortar may be mixed with the soil in the foundation 
planting area about buildings as a result of construction operations which 
produces localized overlimed areas. These possibilities should be kept 
in mind by those attempting soil reaction adjustments on acid soih in 
residential areas. 
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PANEL DISCUSSION: SOIL AND WATER CONSERVA¬ 
TION OPERATION AND PLANNING IN THE EVER¬ 
GLADES AREA AS INFLUENCING SOIL SUBSIDENCE 
AND ULTIMATE LAND USE CHANGE 

Leader: W. Turner Wallis, Chief Engineer, Central and Southern 
Florida Flood Control District, West Palm Beach 

Co-Leaders: Leo L. Burnet, Chief, Engineering Division, Corps of Engi¬ 
neers, U. S. Army, Jacksonville and Horace A. Bestor, Consulting 
Engineer, Clewiston 

Secretary: R. V. Allison, Belle Glade 

Dr. 1. W. Wander, Vice President of the Society, acting in the absence 
of President Carrigan, called the meeting to order and turned the chair 
over to R. V. Allison, Secretary of the Society and of the Panel. 

R. V. .\llison: 

The unusually good dtleiiddnct; tliih c\ening. Including, it does, so man) 
growers and others directly interested in the life and wellare of our Everglades soils 
is a belter evidence than any other ol the importance of the siibiect we are about 
to discuss. I dare say there are few present in ibis room who do not know of the 
peiidiabilily, under drainage and use, ol the ogranic soils that make up the broad 
expanse ol the Florida Everglades. In other words, thebe soils are like the cake 
which we cannot eat and keep. In this instance we cannot farm these soils and 
keep them lor this put pose thru that indefinite and endurable period which we 
like to associate with well-managed lands. 

Since the plan of the discussion is quite fully outlined in the sheets that have 
been passed out and will doubtless largely hinge on an analysis of this report^ 
(holds up copy) on the ‘‘Subsidence of Peat Soils in the Everglades Region of 
Florida” that recently has been compiled from existing information by Messrs. J. C. 
Stephens and Lamar Johnson, 1 should like without further ado to turn the meeting 
over to our very capable discussion leader, Mr. W. Turner Wallis. Turner knows 
the physical and financial problems of the Eveiglades, including the many complicated 
angles of tax structures and zoning, better than any other man in South Florida. 
We are fortunate, indeed, that he is al)le l(» he with us and lead the disou-^sion tliis 
evening. 

\V. Turner Wallis: 

Thank you, L)r, Vllisou. The one thing I'm not going to do is to leveal in 
advance what the speakeis aie going to tell you and thus spoil their talk. I hope 
everybody who is interested will not fail at llu* conclusion of this meeting to take 
a copy of this report to which Dr. Allison has made reference and which is largely 
to he the basis of the discussion this evening. We are purposely not giving these 
reports out until after the meeting as we don't want you to he distracted by its 
reading from what the several members of this panel have to tell you. 

In order to get into the substance of this meeting most expeditiously and 
effectively 1 believe it will he helpful if you are first given the background of the 
work of research and the assemblies of information that have gone into this report. 
The analysis of that infoimation and the predictions based on that analysis will 

*' This entire discussion is from a tape recording except where otherwise indicated. 
’ Subsidence of Peat Soils in the Everglades Region of Florida, compiled by 
J. C. Stephens and Lamar Johnson. For the reproduction of this report in full from 
the replicated form in which it was first prepared lor distribution and study see, 
appendix page 191. 
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tlieii follow. CoiL-ecfiientl) 1 am going to call lirbt on Mr. J. C. Stephens of the 
Soil Conservation Sen'ice, L.S.D.A., who is stationed in ^ est Palm Beach for the 
conduct of Studies in the general field of this discussion. Before calling on Mr. 
Stephens Til appreciate it if the other speakers who are to be called will occupy 
these chairs in a semi-circIc so the\ will he more readily available to the que.'ition^ 
from the floor. 

Mk. Stephens: 

This is the report Dr. Allison and Mr. Wallis have referred to that lias to do 
with the ''Subsidence of Peat Soils in the Everglades Regions of Florida.” i do 
want briefly to give you a little of the background of this work and I’ll tell you 
just a few things that are in it—not everything, of course. In fact I won't even 
undertake to outline it in detail. 

As indicated by the title, this is a report on subsidence of peat soil under Ev^er- 
glades conditions. All peat soils when the> are drained subside or lose elevation and, 
insofar as we know, the> continue to do this throughout the life of their drainage 
and use. Thus England has been draining such lands for I w'ould say well onto a 
hundred years and these have been losing elevation at the rate of about 1 inch per 
year. Likewise the delta soils of the San Joaquin Valley, Sacramento and Stockton, 
California, have been under cultivation for some time and according to the reports 
from the State Experiment Station out there, they have lost about 3 tenths of a foot, 
or a little over three inches per year. !Much of this, we are told, is associated with 
the deliberate burning of the surface of the land between crops or seasons for 
various reasons including control of weeds as well as diseases and insects. 

The Department of Agriculture in 1915, knowing of the expected loss of peat 
soils under cultivation began an investigation of this subject in the Everglades. At 
about that time a number of what wdll be referred to as subsidence lines were run 
at different strategic locations in the Everglades including the Davie as well as the 
Okeechobee area, and out onto peat soil around Fellsmere. These were lines of 
levels anywhere from 1,000 to 5,000 feet in length tied into a base level at some 
point. These have been re-run at regular intervals since that time and you wdll now 
find in this report several graphs showing subsidence and consequent loss of surface 
elevation of the soil at these points thru the years. These lines, of course, reflect 
the subsidence of the land as its occurs in nature. Some of the loss has been due 
to burning, yes, and some to compaction from mechanical operations but most of it 
doubtless is due to natural oxidation. In any event these lines show what is actually 
happening and what has happened in the Glades. 

Later, I believe it was about 1931 or 32, Mr. Clayton, who was here at that 
time, and Dr. Allison and others who were at the Experiment Station, layed out 
a series of controlled water-tal)le plots on the Experiment Farm.“ That is, these 
plots were laid out in such a w'ay a.s to permit a close control of the water tables 
in the soil at definite elevations and hold it there throughout the period of study, 
which vs^as some seven years. The results of these studies have definitely shown that 
the amount of subsidence in soils of this nature is a direct function of the depth 
to the water table. In other words, the lower the water table, the more rapid ihe 
-subsidence. By this trend was fully indicated the desirability of holding the water 
table as high as feasible depending upon the crop returns. In this experimental 
setup yield of crops was of course measured to obtain returns on maximum as well 
as minimum depth to the water table. 

Incidentally, along with the measurement of the loss of the surface elevation 
at the various levels of the water table, the carbon dioxide released from the soil 
also was carefully measured. It was found that the amount of gas given off by the 
soil under these various conditions could be correlated directly with the loss in 
elevation, or, with the loss of soil sulwtance. This naturally brings up the critical 
question of “What causes Subsidence?” There are, of course, three or four causes 
for this irreversible trend, all of them accentuated by drainage. 

The number one cause of subsidence, as mentioned earlier, doubtless is loss by 
oxidation, that is, by a slow chemical and biochemical burning. In other words 
organic material is not only oxidized under the influence of the light, heat and air 
of normal field conditions but there are certain microbes in the soil that live on 

“ Mr. F. E. Staebner, Associate Drainage En^neer in the Bureau of Agricultural 
Engineering at the time, who was specializing in irrigation studies, preceded Mr. 
Cla>*ton in the assignment by the Bureau for a period of two or three months and 
helped very greatly with the actual setting up of the water table studies.—Ed. 
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organic matter of this type as a source of energ>. Thus carbon dioxide is produced 
and the soil is slowly l)urned up. 

The second important influence on soil losses under these conditions is thru 
rapid oxidation by fire. While this form is more conspicuous and .spectacular, on 
the whole it is much less. In other words the losses from free burning have been 
much less than from the slow natural t>pe ol oxidation. Then there is the loss of 
elevation due to compaction as from natural shrinkage following drainage and 
farming operations. This usually occurs most rapidly during the first or second 
year of operation on the land and feathers out after the fifth year. Actually, how¬ 
ever, this form is not so much a loss of actual soil mass, just volume. It does not 
concern us too much because after tbe Initial compaction is over it does not go 
on and on at a fairly constant rate like that due to natural oxidation. 

We have found from these water table studies, then, that the soil loss is definitely 
a function of depth to the water table. In other words the amount of air that is 
penetrating into and circulating thru the soil is a very determining factor at all 
times and under all conditions. Thus we have found that when land of this type 
is drained to a given depth, if you have it cropped on one hand and hold it un¬ 
developed, on the other, the uncultivated sawgrass land will actually lose soil mass 
faster than the cultivated land. The reason for this obviously is that when the land 
ib cultivated and compacted the circulation of air through it is reduced. Therefore, 
when once you drain a soil of this type it is axiomatic, in the interest of conservation, 
that it should be worked down and put under cultivation as soon as possible. As 
soon as we found this out then one of the first things that came into question was, 
what is happening out in the Glades, the .so-called open virgin Glades, that ha\en''l 
been cultivated and, supp<»sedly, have n(»t been drained even tho they had surface 
water on them only a portion of the year. How much soil are the> losing? Is the 
water table high enough out there to prevent the loss of soil by oxidation? 

In an effort to answer such cfuestions w'e took the old levels that were run when 
the canals were first surveyed through the Everglades in 1912. Incidentally, we also 
had a contour map that had been made in 1942 showing the depth to rock Then, 
too, we had the .survey made l)y the Everglades Drainage District in 1925. Further¬ 
more, we had the surveys made by the Soil Conservation Service in 1941 and 1942, 
js w;ell as the recent survey made along the levee and canal alignment by the Corps 
of Engineers, U. S. Army, quite recently. By superimposing these various sets 
(»f values we were able to gel at the amount of loss that was occurring in the so- 
called wild land. While we might be able to reconcile ourselves to the losses 
occurring in the cultivated areas it wa.s distinctly disturbing to leam that the wild 
lands were losing soil mass and surface elevation at a considerably more rapid rate. 

In consequence of the above findings the obvious conclusion was that a water 
control program which would enable the lands to receive water from Lake Okeechobee 
or other reservoir areas should be instituted as soon as possible so that the land 
either could be put under cultivation and the greatest possible gains realized from 
it during its lifetime of u.sefulness or else a higher water table be maintained in or 
over it with the view of giving it the greatest possible protection until it is needed 
for active development. 

Mr. John-son, I believe, will carry the discussicm forward from this point. 

\Ir. Wallis: 

Thank you, Mr. Stephens. I tliink it would be helpful to the cause of this dis¬ 
cussion if anybody who has a question upon the conclusion of the remarks of any 
speaker would not hesitate to ask that question; or if those in the group who are 
more familiar with this whole problem than some of the others may feel that there 
is an important point that has not been brought out, I w’ould appreciate very much 
their raising such point or points as they or others in the audience may feel have 
not been made as emphatic or discussed as fully as they feel should have been by 
the speaker. Before I ask Mr. Johnson to continue, does anyone have a question 
that they would like to ask Mr. Stephens at this time? 

Mr. Johnson: 

For nearly one hundred years now, the people of Florida have dreamed of farm¬ 
ing the Everglades. They have had the feeling that if they could just get out there 
on that rich land there could be developed one of the greatest agricultural areas 
in the world; and it truly has become that, within certain limits. 

However, the old timers, who first entered this great area found that peculiar 
things began t<» happen. For instance, every few years Bob Creech would have 

99 



to iiul an additional step on Ids house because that bottom one was forever becoming 
too high. He had to add another one to get down to the ground. And Bob ha- 
rec<ignized that. The farmers out there have knowm it; lhe> have known for some 
lime that the land is losing elevation. 

Mr. Stephens has told you something of why our peat lands are losing elevation; 
wh> they are losing volume. However, he didn't tell you much about the rate at 
which these black peats are going down. We believe the studies back through the 
years that he brieflv outlined to >ou conclusively indicate that, on an average, and 
mark >uu well those word.s ON AN AVERAGE, >ou can expect a loss thru the 
normal use of the Glades lands of about one fool every ten years. Again you 
should mark well the use of the word, NOR^LVL. Thus, if you had started out 
in those early days with soil as deep as 12 feet some of those same soils, today, 
because of over drainage, bad practices in agriculture, fire, and the several factoi> 
that enter into it, have lost as little as four feet and as much as six feet or more of 
their original depth. 

Just to see how^ long our dream of farming the Everglades would last we pro¬ 
ceeded to apply what w’e have learned up to the present lime regarding subsidence. 
In other words, on the basis of the present soil depth remaining we have projected 
land use into the future along with these tendencies towards subsidence according 
to what w’e have learned from the records of the past. In this projection we as¬ 
sumed the lands now^ in cultivation have taken their initial loss and would only lose 
in the future sav, on the average, one foot in ten years. On the wild lands, the 
lands that are not in use at the present time, you heard Mr. Stephens tell you just 
a few minutes ago that they are losing mass at a substantially more rapid rate than 
the soils that are now actually in use. In this forward look, therefore, we based 
future loss on these lands, on the assumption that they would be cultivated and put 
into use, within ten years— that is by 1960. At least most of us are optimistic enough 
to believe that if the water control program goes through as it should the whole 
of this presently uncultivated area wdthin the diked agricultural section of the Flood 
Control Plan <points to map), will aU be in use by 1960. We have also assumed 
that those wild, unbroken lands, because of the loss of mass they have already 
experienced under partial drainage, would take their initial loss soon after the> 
are put into cultivation. This has been approximated at a foot and one-half for 
the first ten years and from then on they would lose elevation at the same rate as 
the land that is now in cultivation. 

The projection of these losses w'as made through the years over the entire agri¬ 
cultural area of the Everglades. Through these projections it was found that by the 
year 2000 most of the agricultural area enclosed by dikes would probably have to 
be abandoned unless some way can be found of substantially retarding that average 
loss of approximatelv twelve inches every ten years. We assumed naturally that 
when the soil reaches a depth of one foot over the rock, that it no longer could be 
economically used, even for pasture, because of the difficulties in draining and also 
the difficulty, in the dr>' season, of properly getting water to it. 

Along the margins of the glades where the peat is over sand or marl or a mix¬ 
ture of the two we do not have this problem because you can continue to farm those 
lands after the peat is gone just as you farm the sand lands of the Davie area or 
some of the areas marginal to the Everglades behind the Lake Worth Drainage 
District where in times past there was a cover of from one to several feet of peat. 
However, where the soil is underlain by rock it looks as if by the year 2000 most of 
that area cannot possibly be farmed economically. That means, of course, that w^e 
must develop these glades lands as rapidly as possible; to mine them for everything 
they are worth if we are to get out of them their total value as a natural resource 
so long as they last. 

Two things, therefore, are necessary, quickly, if we are to get the most out 
of those peat soils. The first, is the completion of the water control system that 
the Corps of Engineers is now constructing. This should be completed as qmckly 
as possible and put into operation so that the farmer on the land will have sufficiently 
complete water control to permit him to practice the greatest possible degree of 
conservation on his land thru the most efficient use of water. 

We need another item very badly that is not mentioned in this report which 
I would like to bring to your attention at this time. Along with the development 
of a water control system we need a road system which the Corps of Engineers 
cannot provide under the Flood Control Plan; but they can be helpful. Those 
channels that they propose to put around and through that agricultural area will 
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l)t* of gr<*at depth and c*oiisidera])le width. There ^vill be du ahnndance of inateriai 
j\ailah]e from them for the construclion of roads. THE \\ VTEH COM'ltUL 
SYSTEM AND THE ROAD SYSTEM SHOULD BE DE\ ELOPED H VND JN H \ND 
and "vve must have both of them as (fuickh as possible if we are to sahaj^e all that 
v\e should from what remains of this j>real land tesource. Thank 50 U. 

Mk. Wallis: 

Those of }ou who know Lamar wereiTi surprised when he laid it on the table 
in the most horrible form that he could think of to express it. There is room for 
a lot of difference of opinion w’hether the rale al which subsidence has occurred 
should he projected ahead and be taken as a criteria for future trends in this 
respect, f hope those of >011 who have an honest difference of opinion with Air. 
Johnson will give voice to that opinion at the appropriate time. 

On the other hand, 1 do not feel that enough emphasis has been given to the 
real value of this report and the credit that is due those who have made it possible. 
I think this work is an outstanding credit to the Experiment Station, the Soil Con¬ 
servation Service and all the other agencies that had the foresight to plan work 
of this nature as early as this research work was planned. Mr. Johnson and Mr. 
Stephens, who are the authors of this report, had as their immediate concern the 
consideration that should ijo given to subsidence of the land in the design of physical 
works proposed under the plan of development for the whole area upon which we 
are now working. They have done a job far beyond the call of duty in making 
available the results of earlier experimental work in this way and in making avail¬ 
able, under this one cover in the nature of a progress report, the material contained 
in many other excellent reports prepared through the years on this general subject. 
I hope that they, and others having a similar background, will make available to 
the literature on this area many other such reports in the future. 

According to the schedule in which we are calling on these speakers to give 
you a cross section of the significance of this whole problem, I now would like to 
have Mr. F. U. R. Parks discuss how the problem is view’ed from the Engineering 
standpoint in the lower reaches of the Everglades area of w'liich Dade County 
occupies such an important part. 

Mr. Parks: 

Mr. Chairman, Ladies and Gentlemen: As you are probably aware, most of 
my lime is spent in the flood control program dowm in the Miami area, and this 
is influenced to quite a considerable extent by the tendency of organic soils to 
shrink under drainage and use. First, however, I want to make a personal correction 
on this program. 1 am not the County Engineer but more of a water-control engineer 
instead. Mr. D. A. Anderson is the County Engineer in Dade County and in charge 
of the program I am talking about. We also have a salt encroachment situation 
in the ground water supply down there that is related to tills subsidence problem 
in a way that I will tell you about. 

First of all, I would like to emphasize that we have some good marl land down 
in South Dade County. I emphasize this because 1 don’t want to leave the impression 
that we don’t have any good, permanent farm land down there; that all of it is 
going to subside like some of our lands out in the Everglades do. In other w^ords 
we’re going to have a “bread basket” down there when much of what we now have 
in the back country has largely faded away. 

As most of you know we have some very low areas tliat people try to farm 
right around the City of Miami, 2 to 4 feet above sea level. This, of course, gets 
in the way of our salt encroachment program because we have some dams in the 
canals to back up the water and to bold the freshwater head high enough above 
sea level to keep salt water out for purposes of safeguarding our well and domestic 
water supplies which come from large wells and for commercial industries along 
the canals themselves. We have some farmers in this area, so-called farmers, for 
they do farm part of the time, that is sporadically. They like the land that is right 
close to the canal and so they try to farm in this area. Think they, well, this water 
is backed up* on us in a way that hasn’t been observed earlier. 

It is precisely on account of this water control program that we have made some 
detailed field measurements in a few of those areas. Some of the older measurements 
or levels were made not with that in mind. However, the newer ones were made 
with this problem very definitely in mind and it was found that over some of those 
areas during the past 11 years the surface of the land has subsided 0.9 to 1 foot, 
which falls very closely in line with the chart that Air. Stephens and Mr. Johnson 
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(ame up with on the rate ol bubisidence in relation to the depth to the water table. 
They made that compaiison for the few points we ha\e measurements on and have 
found that several of our points fall on one side of the curve and a couple on the 
other side. And so we find that our subsidence values fall pretty close to the 
averages the> have e-^tahlished. Consequently, I think theii obseivations and con¬ 
clusions are all right. 

There is another point of particular concern to us. We have another problem 
down there that is quite different from that around the lake area in the Upper 
Glades in that we can't pump effectively- either for drainage or iriigation. We have 
a seepage condition, a very porous underlying rock, that makes the situation exceed¬ 
ingly bad because we cannot nearly provide the degree of water control that can be 
practiced in the Upper Glades area around the lake. I believe that is all I have 
to say about this general problem right now. Thank you. 

Mr. Walus: 

Thank you Mr. Parks. Does anyone have a question they would like to ask 
Mr. Parks? I will now call on Dr. Herman Gunter, State Geologist, to discuss how 
the geology of Southern Florida influences the water conservation problem and 
consequently, the soil conservation program in this extensive area. 


Dr. Gunter: 

Mr. Chairman, Ladies and Gentlemen: Dr. Allison did not give me but six 
months to prepare for this discussion so 1 am therefore at a bit of a loss as to what 
to say and how to say it! (Laughter.I Naturally enough, 1 turned to colleagues 
of mine down here in the ^liami territory for help because the U. S. Geological 
Survey has cooperated with the Florida State Geological Survey in the study of the 
geology and hydrology of the southern extremity of peninsular Florida almost con¬ 
tinuously since 1930 or 1931. Much of the detailed knowledge of the geology ol 
the area w'as developed during this study and these notes are largely based on 
unpublished work of members of the Ik S. Geological Surv'ey, particularly Mr. 
Melvin Schroeder. And so, between us, in this particular instance, this statement 
has been prepared which I hope you will not mind our reading just to keep the 
facts straight and in order to get through on time. 

'"The area under discussion by this panel is a part of a larger geologic unit 
that include.^ most of the Everglades as far north as the northern Broward County 
line and the coastal ridge from West Palm Beach southward along the entire lowei 
East Coast. In general, these formations compose a mass of sediments that lie 
upon the Hawthorn formation of middle Miocene age, and w^hich are generally 
thickest in the coastal areas. 

GEOLOGIC FOR]VL4TIONS 

These shallow formations are the foundation upon wliich the soils of the area 
have been developed by deposition of peat and by the weathering of these rocks. 
The rocks compose a single hydrologic unit of permeable materials ranging in age 
from upper Miocene througli Pleistocene. The base of the aquifer is set not by- 
formation boundaries but by differences in hydrologic properties of the sediments, 
and is placed at the top of the impermeable greenish marl of the Tamiami formation. 
The following formations, from oldest to youngest, are present: the Miocene Tamiami 
formation (permeable portions), Caloosahatchee marl, as small scattered erosional 
remnants and isolated reefs of Pliocene age, and the Pleistocene which is represented 
by the Fort Thompson formation (southern part). Key Largo limestone, the Ana- 
''tasia formation, the Miami oolite and the Pamlico sand. 

TAMIAMI FORMATION 

The Tamiami iormation which crops out at the surface in Collier County under¬ 
lies the entire southeast Florida area. The formation is divisible lithologically and 
hydrologically into two units. The lower unit is composed of impermeable greenish 
marl and constitutes the top of the artesian system in southern Florida. The upper 
portion, a very shelly’, marly sand, where it has locally been altered by ground water 
to a highly permeable solution riddled sandy limestone of calrareou'! sand«!tone 
constitutes the basal pait of the aquifer of the area. 

“Taken from a prepared statement from this point. 

102 



CKLOOSVHATCUEii: ^^VRL 


TJie Cdloo^-dhdtc'hee mdil is known lo exiond soulhwaid liom Lake Okeechobee 
loi several miles where it occuiss thin petmeahle limestone and sandstone leefs 
ui shoe-sliing sands. 

FORT THOMPSON FORMATION 

The Fort Thompson formation is the chief component of the South Florida 
aquifer. In Dade and Rrow^aid counties the h)rmalion is predominantly light gra> 
to cream-colored fossiliferous, marine, sand> limestone and calcareous sandstone 
with thin inter-beds of gray and tan fresh water limestone. The entire section has 
been subjected to solution by moving ground water so that the material is a cavity- 
riddled mass of very permeable rock. Cavities may in places reach a few feet in 
diameter and are sometimes filled wi^h sand which tends to deciease permeability. 
In general, the sand content increases toward the coast. 

The Fort Thompson formation is one of the most highly permeable rocks in 
the world and compares in permeability lo very clean well-sorted coarse gravel. 
It is the chief •source of water for larger producing wells in Dade and Broward 

counties. 


\NAST\SIA FORMATION 

North ol Boca Raton in coastal areas and a few miles inland the Anastasia 
formation forms a large part of the aquifer of the coastal ridges. It is usually 
composed of sandy limestone*, calcareous sandstone and shelly sand, in part coquinoid, 
with the amount of sand increasing in coastal areas. The formation has also become 
riddled with solution cavities by ground-water movement, so that it is an excellemt 
source of water in coastal areas in Palm Beach County. 


KEY L\HGO LIMESTONE 

The Ke> Largo limestone forms the Florida Keys extending from Soldier Key 
southward to include Bahia Honda. It is relatively unimportant since it usually 
yields salty sea water to wells. It is composed mainly of coral heads and other 
reef building material of veiy permeable character. 


MIAMI OOLITE 

The Miami oolite is the surface rock which blankets nearly all of Dade County, 
parts of eastern and southern Broward County, the southern mainland area of 
Monroe County along with the lower Florida Keys and a small area along the 
Collier-Monroe county-line. The Miami oolite is usually a white to yellow oolitic, 
cross-bedded limestone containing varying amounts of sand usually in cavities. In 
general, the formation is loss permeable than the underlying Fort Thompson forma¬ 
tion. However, it is the source of supply for many shallow irrigation wells in the 
Miami area. 


PAMLICO SAND 

The Pamlico sand is a fine to coarse terrace sand deposit which covers much 
of the Everglades north of the approximate latitude of Fort Lauderdale, and 
blankets coastal areas as far south as Coral Gables. It is a shallow source of 
supply for small sand point wells. 


OCCURRENCE OF GROUND WATER 

All the water which supplies southern Florida is derived from local precipitation. 
When rain falls to the surface a part is evaporated, a part is used by plants, a 
portion runs off into lake.s and canals, and the remainder percolates downward 
through surface materials to the water table. The water table is the surface below 
which the rocks are completely saturated. Ground water is stored in openings in 
the rock and moves laterally and vertically under gravitational influence to points 
of discharge in streams, canals, lakes and oceans. It is this natural discharge which 
maintains •-urface water body levels during dry seasons. 
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The ^Aater contained in the oround-water aquifeis occurs under nun-artesian or 
^vater table conditions because no impermeable material overlies the aquifer and 
the water in a well penetrating the aquifer will not rise above the point ^\here water 
\Nas encountered. The \^ater table is represented by the ^\ater surface in wells and 
holes which are deep enough to penetrate it. 

The water table Huctuales in response to rainfall in the area and may vary 
considerably from year to year. Also, the water table within the year is high 
during the rainy season of May through October and low during the period of 
November ihrougli April. It is during the period of low water stage that soils are 
deficient in water, oxidation is greatest and the aquifer underlying the coastal areas 
is subject to accelerated salt water contamination from the ocean. 

GROUND WATER USE 

The shallow formations are the important non-artesian source of water in south¬ 
eastern Florida. Nearly every municipality in Dade, Broward, and Palm Beach 
counties taps this highly productive reservoir for its municipal supply. In addition, 
thousands of smaller w’clls are drilled into the aquifer for domestic, irrigational, 
industrial, cooling or stock watering purposes. 

Water wells are moderate in cost since usually little casing is required to com¬ 
plete a well. However, in coastal areas where sand is more prevalent, more casing 
and sometimes screens are necessary" for completion. Wells may be pumped at 
high rates over long periods of time and, due to the high permeability of the aquifer, 
only small drawdowns will result. 

The ground-water pumpage in 1950 for the three counties is estimated at 140 
million gallons per day. Of this total Dade County consumes about 100 million 
gallons per day. Follow-ing is an estimate of the various usages of ground water in 
Dade County for 1950 in gallons per day; 

Municipal.65 million 

Industrial . 20 million 

Rural and irrigation . 15 million 

The above total pumpage for 1950 is nearly twice the amount consumed in Dade 
County in 1945, 

It is expected that in the near future the daily vvater use in this same area will 
exceed 200 million gallons. This demand can be obtained from ground w"ater, provided 
that certain conservation steps are taken in some areas. It is this phase of the general 
question of water supply that ties in so directly and so definitely with the subject 
of this panel discussion. 

Mr. Wallis: 

Thank you. Dr. Gunter, for that paper. Interbpersed though it was with aU 
those 5-dollar W"ords it was still quite readil> understandable. I think that it was 
very helpful in drawing the physical picture that we are tiying to develop with 
the many complex relationships which exist in this extensive problem. 

Mr. John Pickett, w’ho I know Luther Jones, if he were presiding, would refer 
to as the ‘“muck rat”, will now" discuss the transitions that have been observed by 
him during his many years in the Everglades and give you his opinion of what we 
should expect in the future. 

Mr. Pickett: 

Thank you Mr. Tallis am I Mi*. Jones for that reall> ““down to earth" introduction. 
1 didn't realize that }Ou and Luther could place in me such an exceeding amount 
of trust. Gentlemen, as I think of this problem before us, I am reminded of one 
of the remarks of Sir Isaac Newton w'hen he said “‘As I play along the seashore 
picking up pebbles, picking up a shell more beautiful than the rest, I pay no atten¬ 
tion to the great sea of truth that lies before me." I have studied this very excellent 
report by Messrs. Stephens and Johnson very carefully. I have gone over it with 
the view of trying, if possible, to tear it to pieces. Unfortunately, gentlemen, 
I concur. I can find little in it of w'hich I can disapprove. 

However, in studying the Initial shrinkage of the Everglades soils, that is, 
as shown by sections taken before 1924-1925, Fve found myself confronted w"ith this 
question. In making such physical observations as surface elevations on these glades 
while in a virgin state during those early years are they accurate and at all com- 
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parable e\en lu those ol more recent years*. In other wonU, gentlemenl, no H»il 
\ou ever stepped on could be less stable, for if you stood on the soil here it woulil 
rise up over there. The question of the enj^ineer always has been, therefore, “where 
and how should we hold the level rod?” That is to say, if we were to take the 
flevation of what should be regarded as the very top of the parent soil, should we 
set the level rod down and let it come to rest by its own weight? In all ol this 
[ am reminded of a conversation 1 had with one of the first men to run a level over 
the Everglades, a Mr. Richard F. Ensey of Stuart, Florida. He informed me he 
had nailed cross laths to the Imttom of his level rod so it would not sink and that 
in this way he could get the tnie surface elevation of the glades. But now, gentle¬ 
men, was this the true elevation? When first the drainage came in what did we 
lose? Did we lose actual soil mass or did we simply lose elevation of water? 

In studies that have been made since 1924 and 1925 1 have no argument or 
question. In fact I have observed this subsidence thru the years but have never 
made nearly as careful study of it as these gentlemen have. However, I have noticed 
different rates of subsidence and must agree to the influences causing them. There¬ 
fore the only real hope I can find in this report that is under discussion this evening 
is the observations made in respect to the influence of high water tables on this 
tendency. Thus for over a period of ten or 12 years there was practically no sub- 
‘^idence on those plots at the Experiment Station. In fact, as I recall, that particular 
graph showed onlv 3/100 of a fool or a rate of loss of only about 1/100 foot in 3 
years. That, gentlemen, I consider to be very small. On those particular pasture 
plots, too, you could have seen some very fine grass even with the veiy high wat(‘r 
table that was maintained. Such findings T c<Hisider very much worth while. 

I am very much disappointed, however, in all these studies to find that they 
were made only on “saw' grass*’ and “willow-elder” types of land. In other words 
I saw no graphs on the subsidence of the so-called “custard apple*’ muck. It is my 
opinion that there exists. p<jssii)ly in the files of the County Engineer, Jake Boyd, 
certain soundings that have been made showing depth of tliis muck using the rock 
and the canal levels aa the datum. This is from the vicinity of Hendry County, 
around past Rilta, on around the south shore of the lake and up the southeast shore 
as far as Canal Point. If there is any possible way to obtain these early records 
1 think it would be well to do so. It would indeed be fine if Palm Beach County 
would make these records available to the proper supervisors and testers. It would 
be a great public service, and would give us the basis for a very excellent report 
of a similar nature on this type of soil. The above soundings were made in saw 
grass peat, w'illow and elder peaty-muck, and custard apple muck over a distance 
of at least 35 miles. So T very strongly urge this committee or group to take steps 
to ascertain the availability of this data and information. Thank you. 

Mr. Wallis: 

Thank you, John. Mr. Mounts will now present observations relating to this 
problem that he has made as County Agricultural Agent of Palm Beach County 
through a <iuartcr-century' of evl<*n.sion wwk in the Everglades area. 

Mr. |^h)^|^Ts: 

Mr. Chairman, Ladies and (ientlemcn: Unlike Dr. Cunter, I didn't have 6 
months notice of what I was going to talk alxmt when I got up here. In fact 1 
found out v\hat I was supposed to talk about when the Chairman introduced me 
as 1 stand before you this evening. Dr. \llison mentioned to me about a week 
ago that he v\ould like to have me on this panel, and he told me this afternoon that 
I was on it. And so this evening I found out that I am to make some ctjmments 
on W'hat 1 have observed in the quarter century that I have worked with the Agri¬ 
cultural Extension Service in Palm Beach County. 

It seems to me that the problem of subsidence can be reasona})ly well projected 
into the future—as to what will happen and what can he expected in the years to 
come, from the use of these lands. It is true that we have made a lot of progress 
in the Everglades in changing over from a strictly vegetable type of agriculture to 
one involving the development of extensive areas of pasture land. The comments 
that have been made and supplemented by John Pickett concerning soil subsidence 
trends under pasture conditions give us some indication of w^hat we may expect 
or at least of what we could do in the future. In my opinion, therefore, it is going 
to be a matter of the proper utilization and management of these soils and the 
formulation of an opinion as to what investors can expect to do with them in future 
years. 
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Vb >our County Agricultural agent 1 have liad a gieat man> inquiries about the 
possibilities of agricultural development out in the Everglades and so we present 
and discuss with them this plan of the U. S. Army engineers. Howe\er, until we 
reallj get the so-called agiicultural area enclosed and the control facilities operating 
efficiently there isn't too much that I, as the Count> Agent, can tell these people 
regarding these lands, especially those lying hack from the roads in the really un¬ 
developed sections. And so, until we have some assurance that the water control 
facilities are going to be installed and the roads built reasonably soon there isn't 
much that can be done except to listen to the talk of speculators. But I, as County 
Agent, am interested in people v\ho are going out there to develop these lands and 
make sufficient money from these essentially rich soils to pay tor the cost of this 
extensive flood control program that we are seeing projected right here this evening. 
A.nd I have every confidence that if this plan is developed, as I know it can be, 
and will be, that we can get these lands developed and that we can develop them 
as rapidly as Mr. Johnson, here, has suggested that they should be; also that we will 
be able to utilize them in a wa> to make them pay off in an economically sound and 
successful manner. Thank you. 

Mr. Wallis: 

Thank you, Mr. Mounts. The next several speakers are those actually using 
the land, dirt farmers, so to speak. I think there «hould be much interest in listening 
to their viepoints and learning what plans they may have to cope with the problems 
that have been outlined by the previous speakers. We would like first to hear from 
George A. Wedgworth, a young farmer from the Belle Glade area whom v\e all know 
very well and whose father, before him, we knew even better. 

Mr, Wedgworth: 

I don't feel that 1 am really very well qualified to get up here and undertake 

to speak to you on this subject. In fact, I must apologize for not having prepared 

a talk. To tell you the truth I feel more like a student, with you as the instructors; 
and I want to sit back and ask questions. 

1 do have one important question that I would like to have answ’ered before 
I leave tonight in that, to me, it is a very pessimistic report which states that by the 
year two thousand most of the lands of the Everglades will be totally unproductive 
or will be right down on the limerock. That is decidedly pessimistic because I have 
been rather hoping still to be around at that time and such a view’point leaves me 

a bit up in the air as to what I will be doing then. They haven't given me any 

answer as to prevention or cure. 

I think one of the good points that has been brought out w^as by John Pickett 
in his remarks about these subsidence trends on pasture lands. I have noticed the 
same thing on two of our farms under pasture development where pasture areas 
happen to be next to celery fields in which the water table is held relatively high. 
While there hasn't been a level put on the surfaces of these soils, it is apparent 
just from simple observation that there hasn't been nearly the subsidence in these 
pasture lots with a fairly high water table that there has been under cultivated land. 
I believe that if we look at this whole question from the standpoint of pas*ure 
development it will be a little more optimistic than Mr. Johnson puts it. Frankly. 
Mr. Johnson scared me tonight, but I guess that either he or I will gel straightened 
out before the evening i.s over, 

Mr. Walus: 

Thank you very much, George. That wd!» a very helpful contribution. \^e will 
now hear from Mr. Harrison Raoul who has had a great amount of experience with 
widely different types of agriculture in the Everglades and is presently manager 
of Hillsboro Plantation that is located well down in the middle Glades. 

Mr. Raoul: 

I am inclined to agree with my friend, George Wedgworth, and hope Mr. Johnson 
gets himself straightened out before the evening is over. 1 represent a company 
that has a very substantial investment in muck land in the Everglades. This is a 
long tenn investment. We didn't come in to make our money quick and then get 
out. We didn’t come in to mine this good land. Mr. Johnson notwitlistanding. And 
I sincerely hope we can do a better job than that with our holdings. Frankly, I think 
that we can. I also feel, with equal frankness, and this certainly is a self-criticism 
on farming in the Everglades, that though I’ve only farmed here twelve years, I am 
now’ certainly conscious of having mined the land wdiile I have been out there— 
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Irom a drainage btandpoint as \veJl as other'*. This is because 1 just haven’t known 
■v\hat I was doing. Now these studies have been made and certain very important 
trends have been brought to oui attention and we begin to see what we are doing 
to our own natural resources. 

Now we are told tliat there is nothing we can do about it. that it is going on 
and on in spite of anything we can do. Well, I just frankly refuse to believe it. 

[ think we can do something with scientific brains at the back of this problem; and 
I certainly hope that our company can make its contribution towards doing it. The 
first way we are trying to do something about it is this. We are told, and we certainly 
have observed that if you can maintain a high water table in your cultivated area 
\our land does not subside as fast as it does if >ou keep a low water table. So 
therefore, w’hat crops can you grow on a high water table? 

It seems to me that is the first obvious solution if we are going to farm and 
not mine the land; keep a high water table. Well, we find that celery grows well 
on and, in fact, requires a very high water table; so we’re growing a lot of celery. 
We also find that kenaf, though a rather new crop, has a lot of water tolerance and 
will grow in the summer time when it is quite easy to hold a high water table, 
and so maybe it is another crop. We don’t know for sure whether kenaf will grow 
forever and ever in the Everglades, but w^e aie certainly interested in the crop and 
willing to try it. 

We also find that maybe there is a possibility of growing rice in the Everglades. 
We are not too sure that we can get this crop to grow but we do have two eighty- 
acre experimental plots under way and right now we think that it might do quite 
well. Of course we would like this veiy much because you grow rice under at 
least partial flooding. Now 1 don’t know any better way to keep the land from 
subsiding than what these gentlemen have told me, than keeping it under water. 
So therefore, it seems to me that lice might be a ver> good crop if we can work 
the problems out that are connected with its culture. Please understand, we are 
not ready to say that we can grow rice yet, but we are ready to say that it bioks 
like we can and the possibilities certainly should justify further investigation. 

Cattle, yes, we have found that our pasture, particularly our permanent pastures, 
do much better with a high water table than they do with a low water table insofar 
as producing tonnage of grass and hence more beef per acre, and that is the business 
w^e re in, growing more beef per acre. 

So, we certainly think that vegetables such as celery and others with a high 
water tolerance have a very important place. We also think that such a fiber crop 
as kenaf also has its place. And we believe that rice may have a very definite 
rotational place in our program. Finally, we firmly believe, from the long-term 
investment standpoint, that our investment is sound and can be carried on. Thank 
>ou. 

Mr. Wallis: 

Thank you, Harrison. We will now listen to Mr. Luther Jones, publisher, realtor 
and erstwhile farmer. 

Mr. Jom>; 

1 knew that I was going to be liere but 1 didn’t know that I was going to be 
called on. However, 1 am glad E am. As a newspaper man and as a real estate 
peddler this report did more than scare me. I have been active for the past six 
or eight month'* trving to induce wealthv Yankees to come down here and invest 
some of their monev. Now. how am I gcung to tell them that this land is not going 
to last for more than fifty year‘s, some of it much less. I feel something like Harrison. 
I have a great deal of respect for Lamar and Mr. Stephens hut Fm not going to let 
my self believe what they have said. 

Now there^ is a great bunch of what 1 would like to refer to as Brass Hats 
present. PhD.’s, why these are as thick around here as fleas on a Vinegar Bend 
dog; and it is hard to get any of you to make a definite statement so anybody could 
pin you down.*‘ And yet I love every one of you and the work that you are doing 

* May it not be that the statement which has been made long since and repealed 
many times by his friends, ‘The Brass Hats”, regarding the unavoidable subsidence, 
imder drainage and use, of organic soils such as make up the vast reaches of the 
Everglades, and which is the principle topic of discussion this evening, is already 
TOO definite for Luther? In any event, it will be interesting to see what he has 
to say from here on out.—Ed. 
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because 1 ba\e induced a considerable number td well-to-do gentlemen from tin* 
north, during the past several months, to put their money in this muck we are 
talking about tonight. And it is only because of m> confidence in you and in what 
\ou are doing that I can go back and face any of them tomorrow despite Lamar’s 
and Stephens’ report. I’ll tell you why. 1 have a great deal of respect for American 
ingenuity and American brains. And I'm telling >ou gentlemen here tonight that 
1 expect you to disprove what Lamar Johnson and Mr. Stephens have said, 1 expect 
you to show us a way out. 1 know there is a way out. And I expect you to show* 
us that wa>. We have an inkling of how it is to he done but we don’t know for 
sure and I know^ that you same gentlemen here tonight within five minutes are 
going to begin to tell us how to do it. 

Suppose it is fifty years. You can pay for your land in five years and you’ve 
got forty-five years left to make a profit out of it. Now honestly, gentlemen, I have 
a great deal of confidence in the ability of men such as yourself coupled with 
farmers like Wedgworth and many others in the Glades to find that instead of the 
year 2000 it will be 2050. However, for me, along with some of the rest of >ou 
who haven't any more hair than I have, the year 2000 is not going to hold a great 
deal of personal interest. But there will be farmers out there in the year 2000: 
and I believe there will be those out there on the land who will be farming the Ever¬ 
glades in the year 2050. 

There is one thing I wmnt to say to Dr. Allison and to the Soil Science Societ> 
of Florida and it is this: Representing the Florida State Chamber of Commerce, 
as Chairman of its Water Control Committee, I w^ant to thank them for bringing 
these problems before us and ha\dng them discussed. That is one of the wa>s W'c 
are going to find tlie cure. Now’ Lamar and Mr. Stephens remind me of the doctor 
who tells an old gink niy age or a little older, w’ho has had heart trouble, that 
according to the records he will most certainly lie dowm and die witliin five years, 
or between now* and then or majbe day after tomorrow’, if he don't change his wa>«. 
We are not only going to change our W’ays of farming in the Glade« but you, gentle¬ 
men. are going to tell us how to do it. I thank you. 

Mr. W.\llis: 

Thank you Luther. After such a confession W’e know >ou are going to Ii\e to 
a ripe old age. We wdll now* listen to Mr. John Tiedtke. 

Mr, Tiedtke: 

I am glad Luther Jones spoke first because he said about everything 1 had to 
say and now I don’t need to take up much of your time. I have had enough ex¬ 
perience with farming in the Everglades to see that the land levels are actually 
dowrn a little. 

Some of our fields that w’e used to be able to mole drain satisfactorily, cannot 
now’ be drained in this manner; and some of the fields that we used to run a drag¬ 
line down inside of the ditch now’ have to be dynamited. So in my short span of 
fanning in the Glade^-. suljsidence has been obser\’ed to be a little more than a 
rumor. However, it took this report of the engineers tonight to turn it into a concrete 
fact that you can measure and 1 must say that 1 was startled by seNeral things in it. 
Not because the rate of subsidence was an\ greater in the tables of the report 
than the tilings that it seems ha\e happened out on (»ur fanns, but because the\ 
have been working on the thing since 1936. 

1 feel that since it does take a numijer of years to develop something that a 
Ph.D. will put his name to we are all very fortunate for the foresighted vision wav 
back in 1936 that got this study going so that today we have this report. In 1936 
and 1937 none of the fmmers that I knew were talking about subsidence. If thev 
knew about it they didn't seem concerned about it and there was apparently sufficient 
foresight on the part of the Agricultural Experiment Station in those days to justifv 
starting an experiment that w’ould hold w’ater, figuratively as W’ell as literally.^ 

This report, I think, is extremely valuable. It seems to me that if we can do all 
the miraculous things we do, make all the tests we make with all manner of bugs. 

^As an indication that serious thought had been given to the subsidence of 
Everglades soils under drainage and cultivation long before 1936, a part of the 
summary of the first bulletin of the Everglades Experiment Station (Fla. Expt. Sta. 
Bui. 190, 1927 > is reproduced on page 190 of the appendix of this volume facing the 
recent report on this subject which was discussed at length during the evening and 
which is reproduced in full on pp. 191 to 237.—Ed. 
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bacteria, viruses, etc., if there is a certain t>pe of action going on in the soil liial 
we don't like, someone ought to be able to think up a wav to ^top il. J ically do 
have hope. 

As far as the general task is concerned, praclically, 1 think we have two entirely 
different problems. They have been mentioned briefly. One is that of the farmer 
whose interest, as a citizen, is to make an investment in the land he has and to 
come out with a little more than lie put into it each year. We have all tlie good 
wishes in the world for posterity but we do have to eat and so we have to go out 
there and find a way that will pay off. So we are going to have to find tlie h(‘st way 
possible, of course, for successful land use but the plan also has to be praetical 
from a day to day standpoint. 

However, from the standpoint of acreage a far greater problem lies in the vast 
expanse of undeveloped Everglades peat and I wdll touch on this only briefly. 1 
agree that is not an additional problem if it means the simple destruction of the land. 
However, I think that, without any question, it is a matter of conseiwation of 
natural resources and that conservation is certainly going to be worth the money 
it will cost to put this program into effect. Fm not at all sure that the Flood Control 
Program is going to prevent all flooding. There are some of you here who know- 
much more about this than I do and can answer that question much better than 
1 can. But I do believe that it is within the purview of the Federal Government’s 
interest to jump into this problem with both feet because the time may come when 
we are not just feeding the present population of the United States. It is possible 
that we may be feeding 50 percent more people 50 years from now and this land 
will then have ever-increasing demands made on it for the production of greater 
and greater amounts of food for consumption at home as well, perhaps, as abroad. 

\Ir. Wallis: 

Thank you, Mr. Tiedtke. Now Fd like to call on Mr. Leo L. Burnet, Chief. 
Engineering Division, Jacksonville, Fla. District, Corps of Engineers, U. S. Army. 
Jacksonville, Fla., to present to you the viewpoint on this problem of his Corps a« 
an agency of the Federal Government. 

Mr. Burnet: 

Mr. Chairman, Ladies and Gentlemen, this is the first opportunity that I have 
liad to appear before the Soil Science Society and 1 w^ant to say right here that 
I really appreciate it. As many of you know, Fm a very far cry from an expert 
on the conservation of organic soil. Fm sure that I'm going to learn more tonight 
than Fm going to contribute. 

“ However, Fd like to refer back to may first encounter with organic soils which 
was about 35 years ago when 1 was in an Army Camp in New Jersey. They had 
land there they referred to as bogs, or sometimes cranberry bogs because they used 
to grow cranberries on them. The cranberries grew on little bushes just a few feet 
high. They had these bog.s arranged so thal they w^oiild flood them in the winter, 
cranberry i)ushe.s and all, lo a depth of several feel. They would freeze over, and 
I have often g<»ne ice-skaliug on them. When spring came they -would remove the 
lioards <if the temporary tlams, drain the water off, and the cranberry bu.shcs would 
leaf out, bloom, and l)car, withoul damage from being inundated. 

Many of these bogs contain peal. From chihlhood association with families who 
had come from Ireland, I learned that on man) of the farms in Ireland they had 
peat formations which the) would u.se for fu(*l, cutting the peal in slabs similar to 
our lawn sod, drying il, and storing it for winter use. I had visions of developing 
a big business as soon as I got out of this man’s .Vrmy in the matter of mining this 
peat. 1 got a shovel and sliced out a cubic foot or two of the material and put il 
aside lo dry. Il w^as soaking wet and seemed to remain that way for so long tliat 
1 almost forgot about it. When 1 did look at it a month or two later, it had shriveled 
up to about nothing, and looked something like Grandpa's beard. 

1 next encountered organic soils in Wisconsin, where they were also referred 
to as bog land. They w^ere not covered with water, but the water just about stood 
on the surface and the earth seemed to rise up in circular mounds. If you would 
jump on them, the mass would quake. Tliis proved be very valuable farm land when 
drained, and the drainage seemed not to present a very great problem as the area 
of the bogs was quite small. They would simply run lines of 6-inch drain tile, about 
50 feet apart and around 4 feet deep, draining the main line off into a ditch. 

“Taken from a prepared statement from this point. 
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iMy firbt knowledge ol the Floiida Everglades came Irom m> grade-school stud> 
of geography. The Florida Everglades was described as a vast area of slimy ooze, 
literally crawling with crocodiles and all sorts of poisonous snakes, lizards, and 
what-have-you. The very name Everglades was mentioned in a hushed tone as being 
something that denoted horror, destruction, and death. We were led to believe b> 
our teacher that if one ventured so much as to stick his foot in the Everglades he 
would soon be sucked into it, and if poisonous demons didn’t get him first, he would 
he sucked under, and liis remains would be discovered at some future geological age. 

The Glades land suitable for long-time agriculture, now generally known 
the agricultural area, is amazing in its productivity when properly drained. Un¬ 
fortunately, as quickly as it is properly drained oxidation commences, with the 
resulting subsidence or low’ering of the surface. I am sure you will all a^ee chat 
this subsidence is a known fact wherever organic soils are drained. Since the 
initiation of the Central and Southern Florida Project for Flood Control and Other 
Purposes, the Corps of Engineers has made hundreds of laboratory tests on the 
organic or peat soOs. While there is some small difference between the different 
classes of peat, such as Everglades Peat and Loxahatchee Peat, generally speaking 
our tests indicate that the field moisture content in terms of oven-dry weight is 
about 600 percent. The oven-dry weight amounts to only 8.6 pounds per cubic foot. 
More important, the average organic content we have found to be 77 percent. In 
other w’^ords, if we would take a sample, then dry it, determine the dry weight, then 
bum it, we would find that 77 percent of the dry weight would bum up. We can 
therefore say that 77 percent of the peat lands is subject to slow oxidation when 
drained. Complete oxidation of a peat bed with an original depth of 4 feet would 
leave only 1 foot. The subsidence of peat soils under cultivation is real and in¬ 
disputable, w^hether those soils be in the State of Florida or any other place in the 
w^orld. \^le a great deal of very valuable research has been done to determine 
the rate of subsidence, that rate still must be considered a variable amount. The 
rate would vary in different parts of the country, due to varying climatic conditions. 
Right here in Florida the research I have already mentioned indicates considerable 
variation, depending upon to what use the land is put. Thus, lands subject to a 
high state of culti>ation subside more rapidly than do those used for pasture lands. 
Those used for certain crops subside more rapidly than those for other crops. How¬ 
ever, it seems apparent that the rate ol subsidence of our drained Florida organic 
soils is very closely associated with the depth of the water table maintained in those 
soils. The lower the water table, the greater the subsidence, and vice versa. There¬ 
fore, the best possible conservation of our organic soils would demand the main¬ 
tenance of a water table just as high as the crop being grown w’ill permit, with a 
still higher water table when the lands are idle. 

We of the Corps of Engineers like to feel that we have earned the name ol 
being public serv'ants. I say “earned"’ because I don’t believe anyone is entitled 
to be cabled a public servant unless be actually serves the public. In this public 
''erviCi.% it is absolutely necessary that we take cognizance of the problems connected 
with farming organic soils, including the matter of subsidence, and I would like 
to explain briefly just how VNe are so concerned and what we are doing about it. 
In the agricultural area we are going to dig many canals with levees on each side. 
These leveed canals will ser\e as the main drainage arteries in the agricultural area. 
Water will be fed into these canals by privately owned and operated drainage works 
to serve the adjacent lands. In turn, the water will be removed from these main 
canals by large pumping stations, to be installed by the Federal Government. The 
levees on each side of the main canals will be built on top of a layer of peat with 
varjing thickness, depending upon the localion. Some of the levees will contain 
peat in the embankment, but it is our present plan that all of these levees will be 
covered b> a minimum 2-foot thickness of rock and marl. To allow for the sub¬ 
sidence and compression of the peat, the construction grade or crown elevation of the 
levees will be increased in the amount of 50 percent of the depth of the peat con¬ 
tained in or beneath them. Thus, all of the peat in the levees or below the levees 
can subside by 50 percent of its depth and the levees will still be high enough. Then 
the problem is, what is going to happen when these adjacent lands subside some 
time in the future? W’ill these main canals still function as drainage ways for the 
adjacent lands after they subside? The answ’er is "“Yes”, although the adjacent 
landowners may have to pump against a little higher head as their lands become 
lower. If at some future time the agricultural lands subside to the extent that 
pumping costs are greatly increased, and it would become economically feasible 
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to deepen ihe canaK in older to lowei theii smiace ^\clt(T piofiles, il should not 
i)e too difficult to have a -^tudy aulhoiized in the way of a leview report of the 
proiect towards determining whether the canals should he deepened. Tf such a 
review leport would indicate that the cost of deepening the canals will he offset 
by appreciable benefits, il appear^, likely that Coiigu‘ss would authorize such work, 
just as it has been doing lor many years in the past in connection with navigation 
channels. It is very ohen the case that Congress has authorized the constiuction 
of a na\igation channel to a certain depth and then in later years, based on the 
findings of a review rcpoil, has authorized a deepening of the channel. In some 
eases they have authorized the same channel to lie deepened several times as the 
needs of navigation require. Whether it will become necessary at some future date 
to lower the main canals due to subsidence of the lands is anybody's guess. It might 
be found that as the land subsides, large areas would go out of production and 
therefore out of drainage and the water profile of the main canals will be lowered 
automatically due to less water being fed into them. 

We would indeed he delinquent in our planning if we did not lake cognizance 
of the possibility of deepening the canals at some future date in the design of our 
large permanent structures such as the pumping stations. In view of the expected 
subsidence of the organic soils in the agricultural area, our planning of the pumping 
stations provides for a possible future lowering of the canal profiles by several feel. 

Mr. Wallis: 

Thank you, Leo. in promising to leirain Irom telling you what the speakeis 
were going to say, 1 didn't say I wasn't going to make some comments after they’ve 
said il, in an endea\or to interpiel or comment on their remarks. I’m very much 
impressed by Luther's reference to this discussion appearing to him like the situation 
where the Doctor tells a patient about a critical heart condition and if he doesn't 
mend his ways he is at death's door and won't he here for even one year. I think 
there is a lot of tnith and thought in the analogy he drew in this connection because 
those w’ho have the heart condition and don’t get to hear of it from the Doctor and 
do what he tells them, usually don't last that long. I think that is a good message 
for those of you interested and concerned with the welfare and conservation ol 
Everglades soils. You first get yourselves scared good and hard, perhaps somewhat 
unduly, and then you had all those fears allayed by the PhD.’s, referred to by 
Luther as the Brass. I don’t know why there was no mention of Bureaucrats in this 
connection as they are usually associated in Luther’s remarks with situations of this 
nature. 

Be that as it may, there is a definite part in this program of conserving, develop¬ 
ing and using our Everglades land resources to the very best advantage that rests 
on the individual owners of the land. I only hope you won't be the patient that 
got scared of your heart condition but didn’t do anything about it. There are very 
definite levels of responsibility in this, I)ut the big share of it, in my opinion, rests 
on the individual. There is a certain responsibility and a \ery definite but limited 
one, that has been accepted by the Federal Government and other agencies, both 
State and local. 

Furthermore, I don't think quite the right inleipietalion has been placed on 
what Mr. Johnson said. Mr. Johnson tried to emphasize that with subsidences of 
Irom four t4> six feet in depth in the approximately 45 years since there has been 
any attempt at reclamation of the Everglades, there has been a loss, as best it can 
now be ascertained, of about 40 per cent of the original depth of the muck over 
tliis area; and that there is obvious need for something to be done along very care- 
tully planned lines in the immediate future. He endeavored to emphasize that even 
with the proj’ection into the future of past rates of subsidence that there is still 
an asset that warrants a most definite call for greater protection and more skillful 
utilization. At this time I'd like to call on Horace 4. Best or to present an overall 
summary of his views on this subject. 

Mr. Bestor: 

Mr. Chairman, members of the Soil Science Society, Ladies and Gentlemen: 
I am glad to comment on this devastation of the organic soils of the Everglades 
as observed thru the years of my personal experience in this remarkable area. When 
I was given a copy of the report that has just been reviewed, naturally I was very 
much interested in reading it. In doing so it gave me a very vivid impression that 
it is an inventory of facts representing something that is happening that is cause 
for real concern. 
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However, Tm like Mr. Jones, just naturall} an optimist. 1 can recall coming 
to the Everglades when it was entirely under water. I can also recall making an 
examination and studv of the uae of the land at that time. One of the first im¬ 
pressions that I developed during those early days while the Everglades was still 
largely under water, was the great need of the land for the conservation of that 
water. 1 based such a prediction of necessity lhat was not too obvious at that time, 
(►n the facts of rainfall, which occurs in Florida only about 25 percent of the year, 
thus leaving approximately 75 percent of the year practically without rain. There¬ 
fore, before the land was converted into the vast agriculture empire as we know 
It today around the shores of Lake Okeechobee, the thought that was uppermost 
in my mind was, water conservation in relation to the moisture that was needed 
the year around. 

This, then, was my first interest in the problems of organic soils. However, 
I don’t know that ‘‘soir’ is the right term because an organic mass such as we are 
working with is not properly a soil in the conventional use of the term. As a 
matter of fact, when you start to work with such body of decomposing and decom¬ 
posed plant material you are really in a sort of soil building business! In other words, 
you will have to put into the material something to balance its fertility because 
such highly organic peats haven’t much in the way of natural fertility, except 
nitrogen, of course—and water. I was particularly impressed with the fact that 
in such an organic mass under natural conditions its greatest constituent is water, 
and if you should take that water away from it you will have some real problems 
on your hands, immediately, especially in the form of an almost unbelievable degree 
of shrinkage. 

Another of the impressions that has endured from those early days and which 
might enter into this problem in a practical way was that in the different areas 
that I had to work with in the Everglades where they were trying to move water 
there was no place I could find where they talked in terms of moving volumes of 
yyater; they were talking largely in terms of a ‘'10-foot canal” or a “50-foot canal”, 
and when one asked the meaning of lhat, well, that was a “big canal” and should 
he able to take care of a lot of water! 

Now I feel this w-ay about Florida. Florida’s assets are largely her climate 
and her abundant supply of good water. And jolting as this report sounds with 
regard to our being out of business in the Everglades in the year 2000, I don’t 
believe that, especially when you recall that there are various kinds of business. 
Vs a matter of fact I don’t find the main points that are contained in that report to he 
particularly new if you look back thru the various reports having to do writh the 
reclamation of the Everglades such as those of the Department of Agriculture and 
many others made during what we might call, for want of a better term, the “dark 
ages”. Practically all the comments ever made on the possibility of using Florida’s 
organic lands w’ere adverse. It couldn’t be done; and they talked in those early 
day^ a]>out this subsidence of the land surface lhat we've been discussing at length 
this evening. 

Theie N no denjing the facts of tliis inventory. It is a drastic picture and has 
much meaning However, the principal ctmclusion that I’ve developed thru the 
years in trying to compromise the use of this land with its ultimate destruction as 
a forthright agricultural asset is that you ha\e to care for it through its water. 
Furthermore, if you are going to be successful in soil building on this land you can 
be sure that it is going to be a very painstaking job. We can’t continue to exploit 
it a« we've been exploiting it in the past. In order to make that point in a report 
that I made on how to handle water, I spoke particularly about a place to pul water. 
I'm speaking now* in reference to my experience in developing all the drained areas 
that border on Lake Okeechobee and of having to do with making studies of how 
to handle the land in relation to water. Such studies w’ere based on the actual 
quantities of water that had to be moved. In designing those canals, there were 
certain depths, and certain elevations and certain operations that had to be considered 
w’hich w^ould preserve the growing quality of the soil and the necessary equilibrium 
betv\een the soil and the water. So it required a lot of time in designing and laying 
out a system which w*ould service the lands both in relation to drainage and irrigation 
requirements thru those periods during which the rainfall was in excess or insufficient. 

Now to get more directly at a description of what organic lands are in terms 
of the sawgrass peat of the Everglades which we are largely discussing, it must be 
remembered that it w'as developed through thousands and thousands of years of 
growth and dying back and growth and dying back of the native sawgrass into the 
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organic mafcs. On this account the stiucluie ot tliis soil it, largely vertical to that 
arowth. In all the practical experience 1 have had in the manipulation of water 
in relation to the growth that made that organic material is was found to be vertical. 

I he movement of the vegetation in falling down being negligible. This means that 
Huch structures should always be taken into account in any and all operations 
designed to move the moisture thru the soil whether in (iirigation) or out (drainage). 
Vnybody that has anything to do with handling water under these conditions under¬ 
stands that for it isn’t a new theory. It’s a fundamental fact that has to be faced. 

The sloiy of this loss b> subsidence isn’t nev\, as has already been observed. It 
dates back to the “dark age” referred to earlier. It has been told to the people of 
Florida from the beginning. When I came to South Florida f promised exploitation 
of the soil resources of the Everglades, and I don’t view that as any more serious 
than I do the exploitation of its waters. The water supply of Florida is being ex¬ 
ploited and destroyed in the same way as the organic soils. The principal reason 
we are losing our lands is because we are not paying attention to the fundamental 
tacts of how they must be handled. That isn't something that some long-bearded 
‘•dentist is going to tell us some 5 or 10 years from now; you have been told that 
for the last 25 years that I know of through my own experience. 

Now’ they teU you that there are other causes for that loss and there has been 
some proof that all of that loss is not necessary. The operating of your pumps and 
the control of your ditches is, of course, your responsibility but it has been the too 
common thought that if the ditches were pumped dry you had more of a chance 
for drainage from the land or you could pump that ditch dry and then not pump for 
another week and save a few dollars. Jf you -were to operate your water system like 
we had planned and as it should ha\e been handled, a large portion of that type 
of operation w’ould lia\e been avoided. 

Anotlier thing is that in efforts at conservation of these organic lands the soil 
must get back just as much of the organic material as possible that has been taken 
out of it througlx cultivation. You can restore or prevent a good deal of the subsidence 
by putting back all the plant debris that can be made available for the purpose. 
In doing this please keep in mind that as you return these materials to the soil and 
otherwise maintain its fertility you are adding to the stabilization of Florida and 
to the ultimate realization of this great plan of reclamation. In my opinion the 
land can be saved. 

Now you’ve got another drastic type of loss in the use of organic soils. Let 
us consider virgin land. The first time you remove water through drainage you are 
going to initiate a natural compaction. Thus in the 12 years of experience on organic 
soils with which I’ve had to do, that initial loss lias amounted to about a foot in 
the first 18 months of drainage when the free water actually leaves the lop soil and 
settles down into the more compact soil. Of course you have not lost anything like 
that amount of inateiial, it has been largely water and elevation that has disappeared. 
In another 24 to 30 months that same type of compaction loss amounts to about 
another loot and one-half. That is the experience that I have had in the develop¬ 
ment ot the drainage districts J have had something to do with. 

I have also had something to do with some of the experiments being cairied out, 
lor instance certain ‘studies that have been earned out by the Experimental Station; 
and 1 have li.stened quite carefully to the* discussion oi water tables. I have the 
feeling tliat th<*re is a misundcistanding of what the water table actually means. 
It certainly don’t mean that you can have the water talde right up near the top of 
the land as. Mr. Raoul has said. In any event such high water tables will certainly 
place definite limits on what you can do. They also limit you as to the rale at 
which you can move water. Furthermore, 1 don’t care what kind of plant growth 
>ou pul on any kind of land and particularly organic land, of course, it can’t do any¬ 
thing at all unless the roots can breathe. The greatest factor in handling water in 
soil is not to waste your moisture and provide irrigation in that soil only to such 
d degree that when the roots go down into it they will still find a breathing space. 
Thus, if you have what is commonly known as a “high” w’ater table within your 
land all the roots of most plants that go down to that water table will assuredly 
make an effort to turn up. More likely they will die. These roots under such con¬ 
ditions will turn up for the simple reason they must have air and there is no oxygen, 
whatsoever, in the ground w’ater of such soils. 

Another important point to keep in mind in designing the water control features 
for a particular area and that is w’hether you are going to raise rice, celery, beans, 
or sugar cane. }>ecause the requirements of these crops are God-given and you must 
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iledl Avilli them in hguiing >oui reclamation requiicmenls. ll become^ a matter ot 
Handling a ceitain amount of ^vater under certain conditions. The principal overall 
condition in South Florida is, of course, the exceedingly flat terrain with which we 
have to work. So, regardle&s of the crop that >ou decide to grow% the fact remiant 
that >our ultimate design must be based on the tiue requirements of such crops and 
not on some quick whim that >ou are simple going to raise certain crops. All 
(»f this, of course, does not need to be confused with the factoi of water duty to a 
plant. There is a vast difference between the water requiiements of vegetable crops, 
such as celeiy, and that of sugar cane or some other (*rop, both in their structure 
and in the way lhe> get their water and their food from the soil. 

Now if \ou are going to drain land, drain it in a tiue sense, that is, you are 
going to regulate the moisture in the soil in a way that will provide an optimum 
balance for the life processes witliiu the plant. If you choose, therefore, you can 
design a proper system of water control for an area regardless of the type of vegeta¬ 
tion that is to grow on it. The thing that most particularly limits the kind of crop 
you are going to plant is the fact that you know you can't raise crops not adaptable 
to this latitude and general climatic conditions. Insofar as your moisture condition 
is concerned you have got to stabilize the factors which balance that moisture for 
a particular crop. Unfortunately, the best stabilization of moisture in the soil (a 
reasonably low water table) brings about the alarm you cannot use organic land 
in that way, that it is inevitable it is just going down and down and down until 
you come to the zero plane. If this be true then there is no need for any 208 million 
dollar project to try to control the remaining resources and rebuild them. 1 don't 
believe that is true. I do believe, however, that Florida lacks one of the greatest 
factors and that is a reclamation law wdiich will require a controlled handling of 
her fresh water resources. If it is left to the individual to do just as he wants to do 
and handle the wrater in any way that he may choose then no amount of scientific 
•study is going to help what I regard as a very critical situation. Thank y'ou. 

Mr. Waixis: 

Thank \ou very much, Horace. There aie two things which give me complete 
confidence that there will be a solution to this and many other pioblems confronting 
this area. One of them is a certain group of people who never hesitate to give 
their full and unqualified support to such public causes whenever and wherever 
the occasion demands. We have several of that group here tonight. I would like 
to have them stand if for no more than to take a bow'. We would love to hear from 
them if they have something they would like to contribute. The other factor that 
gives me so much encouragement is the so-called Brass Hats or Bureaucrats as 
Luther Jones affectionately calls them. After agreeing on the objectives of this 
program, that is, the program for water control and the conservation of our water 
and land resources, they may then have wide differences of opinion from that point on. 
So that which is scheduled to he done must be warmly defended against objections 
and criticisms, both pro and con. 1 don't think anything has been done lightly or 
will be done lightly or will be done without the need to plan and full criticism of 
those plans. Those whom 1 would like to have stand for a bow are Bob Creech. 
John Bollinger and Ralph Blank. They are all typical of the solid support this 
area and this program have had. The support they have given in the past will be 
called upon again in the future. It affords a large part of tlie confidence I have 
that this and other problems will he worked out. What have vou got to contribute. 
Bob? 

Bob Crlech: 

Well, I am somewhat like Luke. I came in here on the 19th day of January 
1919, in fact I was one of the first passengers on the Coast Line Railroad. My uncle 
met me with his mulemobile—w’e didn't have automobiles in those days, and no 
roads. I believed in this country then and I believe in it now\ 

I will give you a concrete example on one farm that I have operated for 30 
years to prove that land will not subside if it is properly taken care of. On the other 
hand, I don't think that it would have been possible to do more damage if you 
had gone out with the intention of burglaring and dissipating and destroying property. 
There could be no more complete job than has been done in the Everglades since 
I have been there. I see very" little regard for the future use of that land from the 
way many have been operating it in the past. 

Consequently, I have been called a fool many times for many things that I have 
done, one of these being for planting a cover crop every y^ar. It has cost me about 
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:eu thoubana dollars just to plant that co\ei crop to try lo protect my soil, eliminate 
^veeds and insects, keep land free from root knot and attempt to put Lack on that 

land every year as much plant material as is removed from it by oxidation; and I 

can ghe you conciete proof that I have actually done that for over a period of 30 
\ears 

In 1905 M. D. Garrett, one of the men who made a survey of Lake Okeechobee, 
ran a level on Ritta Island. When that land was homesteaded elevation levels were 
lun on the meander line at approximately the 17-foot elevation, 1 went over there 
in 1922 and was going to get rich in a hurry growing celery. We started off fine. 
Since 1927 that land has had a uniform water table—not one of these jump-up-and- 
down kind. We go over there in the fall and if we have to pump in or out we 
establish a uniform water table. We plow under those cover crops—we do not 
burn them off—^^ve prepare those lands and hold a uniform water table during the 

entire life of that crop. Following the harvest the cover crop is again planted 

within a week or ten days. This has been carried on now for a long period of years. 
With another pumping station taking water off the low ground I now maintain the 
^ame water table all over the farm; not loo high to drown my crops, but high 
enougli to grow them. 1 tell you, gentlemen, that land is properly taken care of. 
And I say it is a fact because today on Ritta Island I've had less than six inches ol 
subsidence in 30 years. I have owned the land now for 30 years, farmed it for 30 
years and I know what I’m talking about. The meander line surveyed in 1905 with 
d 17-foot elevation today is 16^ feet. 

I am not discouraged at all about the Everglades. I don’t think we will need 
to be flooded. The main thing we need, and I have watched these operations over a 
period of more than 30 years—^we need a uniform water table. And this can come 
about only through a much closer regulation of the w'ater in the whole area, includ¬ 
ing Lake Okeechobee. Thank you. 

AIr. Wallis: 

Thank you. Bob. It now gives me ^ery sincere pleasure to recognize Mr. John 
Bollinger who has certainly been a tower of strength at every turn in the develop¬ 
ment of this soil and water conservation program. 

AIr. Bollinger: 

Mr. Chairman and distinguished visitors: 1 have been very much impressed 
by the opinions of the scientists and of the engineers to whom we have been listening. 
The land that I used to plow (up in Georgia) was greatly troubled by washing away. 
In recent years I have observed that they have devised a plan whereby they can 
protect that land against such washing and now they are producing more crops on 
it than they did at the time I used to plow. I firmly believe that the scientists and 
the engineers that we have here can certainly devise some plan whereby our valuable 
«oil in southeast Florida can be preserved. 

1 well remember attending the meeting.^ of the Soil Science Society in 1942 
and 1943 when lliis question of soil oxidation and subsidence was of very great 
concern to us and extensively discussed. Now you have the scientists and Director 
Fifield of the Experiment Station here who can give you full and complete informa¬ 
tion on how to build up your soil like they did in the first land I used to plow. 
Thev can give you that technical information through the Experiment Station arm 
of the University of Florida, where some of the finest bcientists in the world are lo 
be found. You also have some of the finest engineers in the world here. You can 
combine the knowledge of these two groups and I submit lo you, that approximately 
50 years from now you will have built a new soil and it will continue to do what 
the Lord intended it to do and that is to feed the population. With such a com¬ 
bination of technical and scientific knowledge I have a profound and abiding con¬ 
fidence that exactly that can be done, that actually you can stop the subsidence and 
proceed to build your soil so that it can continue to feed the people. 

It is a delight for me to be here again this evening at the Soil Science Society’s 
meeting. I hope that I may be privileged to attend it regularly from here on out. 
1 intend to stay in this part of the country and, of course, the backbone of this 
section is the productiveness of the soil. I am indeed happy to be here. 

Mr. Wallis: 

Thank you, John. We are also certainly honored tonight in having Director 
Fifield with us, and greatly appreciate the effort required for him to be present. 
We also greatly appreciate the interest he and the entire staff of the Experiment 
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Station and oi the llniveibit> ha\e shown in our problems. I don't kno^\ it Directoi 
Fifield may care to make any remarks but 1 would like veiv much to ha\e him 
stand so that those of jou who don't know him will be able to lecognize him when 
>ou see him. We also ha\e another \er> good friend of this area. Col. Matthew*-. 
Chief Engineer of the Division of Water Suney and Research at Tallahassee. La'-t 
but not least from a point of service, 1 want to call on Ralph Blank, Manager ot 
the Palm Beach County Resources Development Board. 

Rvlph Blv>k: 

Chairman Wallis, it would seem that the subject had been veij fully covered. 
1 iiist want to sa> that we owe a debt of gratitude to Lamar Johnson and Mr. Stephen^ 
who bring us this challenge. Though they have brought us a challenge, they have 
not discouraged us in any degree. I happened to be Chairman of Governor Cald- 
vvelPs Water Conservation Committee in 1946. In the course of the State-wide con¬ 
ference held at Lakeland that year Governor Caldwell said that it is going to take 
some great disaster in order for us to get water control improvements on their wav 
in Florida. This was almost a prophetic remark, because, in 1947 the fearful flood 
that came and which so greatly accelerated the flood control program because of its 
disastrous results seemed almost a fulfillment of his prophecy. And I believe that 
this treatise that has been prepared and discussed by these gentlemen is going to 
do the same thing for our soil conservation problem; its going to invoke the in¬ 
genuity not only of the scientist and of the engineer; it is also going to challenge 
each and everyone of us who have our all invested in the Everglades section of 
the state. We are indeed grateful to all these gentlemen for this thorough discu'-'^ion 
of a highly important problem here this evening. 

Mr. Walus: 

Does anyone have a question? Or a comment they would like to make from 
the floor? If not I'm going to call on Dr. Allison to (inteiruptiori) QUESTION 
FROM AUDIENCE (Bob Creech). 

Since you are the head of the water control outfit, can you give us any idea 
why the sudden reversal on the thinking of the elevation of Lake Okeechobee. That 
is what a lot of us are vitally interested in. 

Mr. Wallis: 

Why Bob, ril he glad to schedule a meeting on that at Belle Glade for a dis¬ 
cussion of the studies that are under way and the alternate plan in mind. I think 
that it is a rather lengthy question to go into now since there is no change that 
has been decided upon there are a number of studies of the best way to accomplish 
the objectives of the program, which I think would be very much in order to discuss 
at a public meeting. If the Water Control Committee of the Resources Development 
Board may care to sponsor «xu‘h a meeting FJ! work with them at anv time or place. 

Bob Creech: 

I know tliis is not the place to hiing up this huhject. Tlie only thing 1 have 
in mind is that since a lot of people here have been to other meetings previously 
with reijresenlatives of the Flood Control District I should like to have them take 
a note that in the event we have to raise the level of the Lak<‘, we will have to 
redesign every^ pumping plant around the Lake at a tremendous cost. Now, gentle¬ 
men. you may not know what Tm talking about, so let me explain just tliis one 
little thing to you. This whole program was set up and based on the Lake having 
a 5 foot head of water: the entire set up of the whole drainage district was based 
on a maximum 5 foot head of water. Wc ran into this in 1947, there wasn't a 
single pump capable of handling the water. We are bucking an 8-foot head right 
now and our motors are burning up. Now they may have some engineering, or 
other good reason. You people are land owners, and I want you to know some 
angle of this has been brought up at every meeting, because I've been to every one. 

The minute you go over a 5 foot head of water your motor is overloaded. Now 
this is a serious thing that I'm talking about and w’hen it comes up for public dis¬ 
cussion, I'm going to be there and Tm going to ask the full support of all citizens 
even if we have to go to Congress to prevent any such thing as this. I may be 
crazy, I'm just a dirt farmer, but you can’t make me believe as your land goes down 
that it is necessary to pile the water higher and higher to make me do more seepage 
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pumping. When the first rain comes, the water table is gone and crop*, are drowned 
out and you can’t pump it oft. 

Mr. Wallis: 

Bob, let me point out one thing. The present limits in reference to the control 
ot Lake Okeechobee are a S-foot range, between elevations 11 and 17 on Okeechobee 
datum. It's been proven that Lake Okeechobee, with present facilities, can’t J)e 
lully regulated at that narrow range.^ The cuirent studies have determined the 
range in which it can be regulated with the e\penditure ol the amount of mone> 
that can be justified. The indications are that it'< going to take nearer a 6-tooi 
range; and study is under way to determine what that lange will be. Elevations 
of 10 to 16 on the present sea level jou use, would mean 17.4. However, let's sa> 
for the sake of argument, that isn't the final decision. Tliere are months of stud) 
and field investigation before that will even be recommended to the District office, 
to the Division or to Washington. But let’s sa)' that a range of 10 to 16 becomes 
substituted far the present 14-17, the encouraging thing about that is there will be 
facilities provided to hold it within that top range and you know as well as I know 
that while 17 is the prescribed height you have had 14 more than )ou’ve had 17. 
So there isn't any cause for concern, because it just hasn't been possible to regulate 
the lake within those limits. If the upper limit should be set at 17.4 representing 
16 on mean sea level it will be held within that range and you will be much better 
off than you have been. However, nothing has been done in connection wdth this 
program that has been kept secret. There has been no final decision, and if it is 
the pleasure of the people in the Lake area to he brought up to date on those studie« 
and the alternates under consideration, that's their privilege and I'll he glad to 
arrange it. However, Jet's not get strung out on a question that would last till 
morning. Now, does an)bod) have a question or comment Irom the floor? 

\UDn:NCE: 

Chairman Wallis, Air. Johnson touched on the subject ol what we need most to 
do. He said the most important thing is the earliest possible development of the 
organic soils within the agricultural area, but that in order to do this we need roads. 
1 notice on the program that under item number 8 we were to learn something about 
those roads. 1 wonder if anyone here can tell us about them. 

Mr. Wallis: 

Unfortunately it seems that there is quite a conflict of other programs this 
evening and the gentlemen who were listed on the panel for this particular subject 
(Merrill P. Barber, Vero Beach, and Paul Rardin, Canal Point) could not be here. 

Mr. Raoul: 

Is there not something that we can do in the absence of these gentlemen even 
if it be only to prepare a carefully considered resolution setting forth the sentiments 
of those present regarding this question of roads? 

Mr. Wallis: 

Since the discussion of the principal subject ot the evening seems to have been 
concluded I ‘should lik(‘ to tuni the meeting hack to Dr. Alli«on wb> can carr) on 
from here. 

Dr. \LLISO^: 

Thank )ou Mr. Wallis foi the splendid job you have done in leading the dis¬ 
cussion. We are also indebted to )ou lor the good help )our office has extended 
in making a record of this discussion possible. This, of course, w'ill permit it.« 
inclusion in the published Proceedings of the Societ). Now with regard to the 
question that has been raised b) Air. Raoul regarding item 8 on the agenda, I am 
inclined to agree with him and with Air. Johnson as to the importance of having 
a substantial Road S>stem follow very closely upon and, in fact be fully integrated with 
the development of the proposed Water Control System. In fact such a relationship 
and requirement would seem to be of almost axiomatic simplicity. Is there any 
discussion of Air. Raoul's suggestion regarding the desirability of a resolution on 
the subject? 

Lither Jones: 

Air. Chairman, are you inviting a resolution about roads? 
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CHA1RMA^ Allison: 

Inasmuch as you are Chaiiman ot the Resolutions Committee of the Societ>. 
Luther, it -should seem that you should be able to operate in this connection with a 
considerable degree of freedom, especially since the need for such a resolution is 
actively under consideration. 

Mr. Raoll: 

Mr. Chairman, it in order. 111 make a motion. I don’t know it an> of these 
good people are going to ride on these loads we are talking about but I am sure 
they will support the idea in principle. I now move you, Mr. Chairman, that the 
Resolutions Committee be instructed and empowered to draw up and distribute a 
resolution requesting Federal, State and County authorities to look carefully into 
the feasibility of constructing a publicly maintained road on top of each dike to be 
built by the Central and Southern Florida Flood Control District wherever such 
roads will become a desirable and necessary part of a transportation system required 
for the development of this area South of Lake Okeechobee as shown on this planning 
map of Central and Southern Florida Flood Control District. 

Lithlr Jones: 

I second it. 

CH41RM\M 

L there an> discussion.'' Are >ou ready for tlie question? 

Cl.\rence Bailey: 

There is one more angle that I haven't heard discussed much tonight and that 
is cooperation between the County Commissioners and all of these flood control 
operations. 1 just want to touch on the development and maintenance of Count} 
Roads and water control ditches along two especiall> new developments. I'm re¬ 
ferring to the Millard Smith road which W’as recentl} made to his development out 
there. There are, of course, several others. 1 wxnt to Jake Boyd, the County 
Engineer, to find out what the plans were and he said the Board of County Com¬ 
missioners of Palm Beach County are not interested in taking care of water control. 
Now it appears to me that if they are not, we don’t need the roads. We need the 
water control as much as we do the road, the new roads in particular, and vice versa. 

CH4IRMAN: 

It would be my thought that the resolution under discussion will cover such 
a question as >ou have raised; at least I hope so. 

Mr. Bailey: 

That's the reason I wanted to brina it out. [ would also like to ask what soit 
»>f distribution this resolution will have if and when drawn. 

Chairman: 

It will of course he published in the Proceedings of the Sociel}. It's distribution 
othenvise will naturally be according to its content and according to those lO whom 
it i« decided to send it as incorporated within the body of the resolution. Such dis¬ 
tribution cannot be made, of course, until after it has been piibli^shed in the Proceed¬ 
ings. Does that answer your tfuestion, Mr. Bailey? 

Mr. Bailed: 

Yes, very satisfactorily. 

Chairman: 

Is there any further discussion of the resolution? Are you ready for the question? 

Audience: 

Question! 

CH.4IRMAN: 

All in favor of the motion as outlined and moved by Mr. Raoul and seconded by 
Mr. Jones say “aye”. 
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Vi dience: 

A}e—A>e- V>e. 

Churm4j\: 

Centraly, the same sign. 

Vl DIE^CE: 

No sign. 

CH4IKMAN: 

The authoiization ol the resolution lia« been 1)> unanimous \ote. The chairman 
ol the Resolutions Committee, to which are additionally appointed Mr. Harrison 
Raoul (Belle Glade), Mr. J. C. Stephens (West Palm Beach), and Mr. R. Y. Pat¬ 
terson (Clewiston), will gather his committee and prepare such a resolution as has 
been discussed here this evening. They -will decide to whom it is to be addressed 
and to whom it is to be sent, the latter not to be accomplished until it has been 
published in the Proceedings of the Society which will be in Volume XL All of 
this is within the convention of the Society's procedure in a matter of this nature. 

Llther Jones: 

This we shall be glad to do. 

Chairman: 

If there are no other nuebtions relating hack to the evening’s discussion 1 will now 
turn the Chair back to Vice-President Wander wdio, I believe, will w'ant to hold a 
\ery brief business meeting. 

Dr. Wander: 

A brief business meeting will be held immediately following the adjournment 
of the present discussion. It, too, will be an open meeting and all are welcome 
to stay who are interested in doing so. It will not be recorded. Before adjourning 
the present meeting I want to add my thanks to all who have taken part in this 
really interesting and important discussion of Soil and Water Conservation. The 
Panel Discussion is adjourned herewith. 10:45 P.M, 
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SYMPOSIUM: AGRONOMIC PHASES OF FIBER CROP 
PRODUCTION IN SOUTH FLORIDA 

THE WORLD CRISIS IN OUR SOFT FIBER SUPPLY* 

Walter R. Guthrie 

Fm not used to making speeches, though this talk Fm going to give 
)Ou this morning is not what you would exactly call a speech but just 
some remarks of a hard-boiled manufacturer. We try to deal in facts 
and we are usually pretty conservative in our thinking, though we have 
had quite a bit of experience with kenaf, that is, with the kenaf that so far 
has been available. With the thought that some of you folks might be 
interested in seeing a few of the finished products that we have put kenaf 
into, if you will come forward at the close of this meeting I shall be glad 
to show you these yarns and burlaps or I might pass them through ihe 
audience at that time so long as we get them back. 

The United States Government became interested in kenaf back in 
1941 and 1942 when the Japanese were invading the southern part of Asia 
and, for some time, the Japanese Nav> was actually in control of die 
Bay of Bengal. At that time it looked very much as though the supph 
of soft fibers from the Far East was going to be shut off completel}. 
Our government therefore became very much interested in a fiber that 
could take the place of jute at a time when they didn’t know how long 
they would be without this important fiber if the above took place. So 
the United States Department of Agriculture started Lo investigate different 
kinds of fiber and finally decided that kenaf was the most suitable one 
to do the same kind of a job that jute had been doing. Now I don’t know 
just what the thinking was on the part of the U. S. Department of Agri¬ 
culture but ihev decided that kenaf ivas it. They thought that kenaf was 
most suitable for introduction into the western hemisphere. And from 
what I have been able to obser\e I think they chose very wisely. As a 
matter of fact, as one who has to use the raw material, I think they did 
a good job in deciding that kenaf is what tlie\ should push. And so. 
my interest in kenaf actually began when the United States go\ornment 
decided that kenaf had possibilities for the western hemisphere. 

About that time they asked me to represent our industry on ihe 
Munitions Board. As you jirobably know, the Munilions Board is located 
in ^'ashington, with headquarters in the Pentagon, and on that Board 
there are se\eral sub-committees; a sub-committee for steel, for cotton, 
for electrical apparatus, and a number of others. One of those sub¬ 
committees is the one on fibers of which I am a member. And this sub¬ 
committee on fibers decided that it should investigate kenaf, the intro¬ 
duction and use of kenaf very thoroughly. 

As a member of this sub-committee of the Munitions Board I took 
a trip to Florida and Cuba last fall, about a year ago this time. There 
I saw kenaf that seemed to me ivas growing very well indeed as far as 

* This is a transcript of the purely extemporaneous discussion with which ]Mr. 
Guthrie opened the symposium. 

Vice President, The Lehigh Spinning Company, Allentown, Pa. 
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the production of the plant was concerned. I was prett} well satisfied ihal 
kenaf was suitable for Florida and certainly suitable for Cuba and some 
of the other off-shore countries in the Caribbean. 

However, I came to a conclusion last fall that most of my competitors 
did not agree with me on, at that time, but I think since they have all 
prett} much come around to think the same wa} I do about it. I’ve decided 
that if kenaf is going to be practicable in the Western hemisphere that 
we had to get away from retting. In Pakistan, and India, where jute 
comes from, the production of the fiber is really a peasant industry, that 
is, each farmer will grow two or three or four acres and he is responsible 
for retting just this small quantity and that will really be his cash crop. 
He sells that j ute for cash and in many cases that is the only cash income 
that peasant farmer has. The rest of his land is planted in rice and 
vegetables and one thing and another so that the development of this 
fiber production in Asia has been definitely along the lines of a peasant 
industry. Well, I was satisfied that if we were going to produce a fiber 
to replace jute in the western hemisphere it couldn’t be done on such a 
peasant industry basis; in fact, it couldn’t be done on a retting basis at 
dll. So I advocated at that lime that we look very closely into methods 
of extracting the fiber from the plant on a mechanical basis, either on a 
mechanical or chemical basis. In any event on some other basis than 
natural retting as is being done with jute in India. 

I presume that most of you gentlemen know what I mean b\ retting. 
For the benefit of those who perhaps don’t know what retting is, I can 
only say that you might call it rolling in a certain sense. That is, the 
stalks are cut down and put in tanks, in rivers or in overflow areas and 
allowed to remain immersed for from five to ten days depending upon 
the temperature of the water; sometimes longer. During this time a 
complex biological action takes place during which the micro-organisms 
in the water attack the imbedded gums in the fiber, soften them and make 
it possible to free the fiber from the layers of bark and wood. Because 
of all the hand labor involved in such a procedure I was quite sure, so 
far as the Western Hemisphere is concerned that retting was impractical. 
There just isn’t enough cheap labor in this section of the world to ret 
fiber in this fashion as the cost of the method, under such conditions, 
would be tremendous. Likewise the lack of knowledge and skill in this 
sort of work on the part of the people in our part of the world would 
also prevent it from being a practical procedure for some time to come. 

A year ago this lime when 1 advocated that if w^e were to lick this 
problem it had to be done on the basis of devising a machine of some 
kind to extract the fiber from the stalk, I had many critics w’ho thought 
that the finished product from kenaf would not be of sufficient quality to 
compete with jute. Well, I have some products here today, gentlemen, 
finished products, >arn, a carpet over there with kenaf backing, some 
rope, some burlap cloth. All of this has been made from mechanically 
decorticated kenaf. So the argument that we cannot apply mechanical 
decortication to the extraction of fiber from this plant is no longer a good 
one. For as you see it is now a fact that we can extract che fiber from 
the stalk and do it mechanically. However, there obviously is still some 
work to be done on this process. There are different ways of doing this 
job mechanically and I think we ought to have just as much competition 
in this as we possibly can because if we have competing studies and 
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methodfc- of extracting thib fiber from the stalk then the "‘best” method, 
for ob\iou& reasons, ib going to come out much more quickly than would 
otherwise be the case. It is probable that you people who go on ihe 
field crip tomorrow are going to see some kenaf fiber being extracted 
mechanicalh out at Belle Glade. Thi> would be a very interesting ex- 
])erience for ever} one who is interested in this crop. 

After 1 made the statement last fail in Havana that I was pretty sure 
that this job could be licked if the fiber could be extracted mechanicall) 
one of the big sugar companies in Cuba asked me if my company would 
be willing to act as consultant for them on this matter of developing a 
mechanical method of extracting fiber from kenaf; and we have been 
acting in that capacit} ever since. But that doesn’t necessarily mean that 
what we\'e done and what we are going to do is going to be restricted 
to them alone. This kenaf business is too big for any one company or 
one individual to try to control. Fm very sure of that. And I am as 
satisfied today that we are going to work out the most economical and 
the best methods of extracting this fiber from the stalk in which it is grown. 

However, what I w^ant to talk to you folks about today, principally, is 
what kenaf is worth, because I think a lot of people are under a false 
impression right in this connection. As many of you know, the United 
States Government has a big kenaf seed production program under way 
at the present time. They have contracted with growers here in Florida 
and in Cuba to grow kenaf seed and it looks as though by the end of 
this year Uncle Sam is going to own something like 1- to 5 million pounds 
of this commodity so that there is going to be an abundant supply for 
the 1952 season. At the same time the U. S. Government also has offered 
growers contracts to pay as much as 30 cents per pound for any kenaf 
fiber that can be produced for them this )ear. 

Now perhaps that’s all right at the start. It gives the grower for this 
first year some incentive. They ought to do all right at 30 cents per 
pound but I want to discuss this point with you just a little bit. If you 
are really going to develop a kenaf industry in the Western Hemisphere, 
w^eVe got to be able to market the fiber for a whole lot less than 30 cents 
a pound. In the final analysis its John Q. Public that decides what a 
thing is worth when the finished product is ready for the market. That 
is to say John Q. Public will be willing to pay a certain price for those 
products and that more or less determines what an article is worth. In 
other words, John Q. Public isn’t going to pay a disproportionate amount 
to support a price of 30 cents a pound. 

We are beginning to know a lot more about what our cost should be 
and I want to put my emphasis on that today because if you gentlemen 
can really get your costs down, and I think you can get them down, a 
tremendous market for kenaf can be developed in this country. This, 
of course, can only be if you gentlemen will be satisfied with a reasonable 
profit per acre and realize at all times that you’ve got competition, and 
you are going to continue to have competition from Pakistan and India, 
chiefly from Pakistan. You are also going to have competition from the 
paper people in the U. S. A. as they have done a marvelous job of intro¬ 
ducing the use of paper for a lot of purposes where jute has previously 
been used. 

The principal product that I manufacture is a jute yarn for the carpet 
induslnx That yarn goes into the back of rugs, wool-faced rugs, rayon- 
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fa(‘ed rugs—in fact in the back of most domebtic carpet. As a result 
of recent trials we are finding that kenaf does make a very \ery excellent 
carpet yarn. I have a carpet here with a backing made out of kenaf that 
1 would be ver) happ} to show’ any of you who may be interested. 

Howe\er, the big market where kenaf could be used in this country 
is in bags. The bag industry in the United States is a tremendous user 
today, or was a tremendous user of jute, but jute has been losing out in 
that field chiefly because it is so expensive. As a matter of fact cotton 
bags of a lighter construction are being widely used today where jute 
bags were formerly used. And the use of paper bags, laminated paper 
bags, as each of you know, has developed rapidly during the past few 
years for the same reason. Now all that tremendous field can be obtained 
for the use of kenaf if you gentlemen can see fit to mechanize your oper¬ 
ations to get your costs down in a way^ that will still permit you to make 
a good profit. 

Now Fm not saying you gentlemen shouldn’t have a good profit. You 
should have a good profit because no business is any good unless every¬ 
body connected with the transaction is making a reasonable profit. 
Gentlemen, if you’re willing to keep your profit down, if you’re willing 
to say that seventy-five dollars an acre is a fair profit to make after all 
expenses are paid, and I think se\enty-fi\e dollars an acre is a pretty fair 
profit for you Florida farmers, if you’re willing to say a seventy-five 
dollar an acre profit is acceptable to you and you’re willing to get into 
production on that basis then Fm sure that there is a tremendous field 
available for kenaf. 

It begins to look now, and I think this estimate is pretty generally 
accepted, that an acre of kenaf can produce about two thousand pounds 
of fiber. I think an acre of kenaf will easily produce two thousand 
pounds of fiber and I’ve heard since I’ve been down in Florida a day 
or two of the possibility of very much higher yields on the organic soils 
out in the Glades. 

Well, now, it would seem about fifty dollars an acre ought to be a 
fair figure for preparing that land and seeding it. Most of you know 
what that operation is out there. You plow and harrow^ it to prepare 
the seedbed and then plant your kenaf with the grain drill or a rice drill. 
I’ve been talking with some farmers down here and they seem to think 
about fifty dollars an acre is a pretty fair figure for the cost of preparing 
the land and planting the kenaf. Well, on the basis of Lw’o thousand 
pounds per acre of finished product that only amounts to about 2^^ 
cents per pound. 

After the kenaf is growm of course it has to be harvested. And it 
looks now as though the most practical method is to convert those kenaf 
stalks into ribbons as close to the place where the kenaf was grown as 
possible. We now have some pretty good ideas of what that is going 
to cost. We think that it is going to cost well under a cent a pound to 
do that but let’s put down a cent for the cost of ribboning. We’re pretty 
sure it will be done for much less but let’s be a little generous and put 
down a cent for ribboning. Well, that brings the cost, so far, up to three 
and one-half cents. Now we are pretty sure that the actual decorticating 
is going to be done for well under a cent a pound, that is to say the ex¬ 
traction of the fiber from the ribbon has got to be done for well under 
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a cent a pound; but let’s be considerate and say a cent for fiber extraction. 
Thai brings you up to 4'"^ o cents per pound. 

Now, the chances are that you are going to eventually end up with 
mechanical dr}ing in some form to dry this fiber after it comes out of 
\our decorticator, and then you’\e got to bale it. So we pul in another 
cent for that. Though it is going to be done also for well under a cent 
d pound, we’ll give ^ou the benefit of ihe doubt and say a cent for that. 
So it looks to me if, without putting any overhead or depreciation in, 
that cost is onh up to about cents. Now let’s put in about three 
cents per pound for overhead. I really think, and mind you, gentlemen, 
I’m not saying you’re going to do that this year, but I’ll bet you within 
a year or tw^o, after you get all the rough spots worked out here in Florida 
that your actual cost for kenaf is not going to be far from 8^ cents a 
pound. 

Now, if }ou’ll be satisfied with a profit of, say seventy-five dollars 
an acre, which you can’t get on most crops in the south, you could afford 
to sell fiber and make a good profit for about 121/^ cents a pound. Well, 
gentlemen, if you can do that, you’ve got some business on your hands, 
I'm quite sure of that. If you can turn over to the manufacturer who 
can convert this material into yarn and into cloth and sell it to him for 
I 2 V 4 cents a pound, the possibilities of building up a tremendous industry 
based on kenaf are very very good. 

So what I want to recommend to you who are interested in the pro¬ 
duction of this new^ crop is that }ou do everything within your power 
to mechanize this operation. Don’t leave any stone unturned to com¬ 
pletely mechanize the whole work. Then, rather than undertake to get 
a monopol) profit on this thing and make a big killing, if you’re satisfied 
with, w’e’ll say a seventy-five dollar per acre profit, I’m sure that we’ll 
see the day come when there will be thousands and thousands of acre^ 
of kenaf planted right here in Florida. 

Now I would prefer to answer any questions which any of you may 
have with which I may be able to help you. However, I’m going to close 
the more or less formal part of this talk by showing you some of the 
finished products what we have made out of tne mechanically decorticated 
kenaf which we have been discussing. 

First, in regard to this sample of Axminster carpet, about half the 
weight of this item is kenaf. My customers who buy yarn from me 
from which to make carpets, say kenaf yarn of this type is very, very 
satisfactory for this purpose. 

I say the cheaper you can get jute or kenaf the more you can sell. 
In this field today, unfortunately, they are beginning to use a lot of paper 
in carpet. I don’t know whether the women in the audience realize it or 
not but there are now being made an awful lot of carpets with paper 
backing. Paper in this form sells for 7^2 cents under jute. Jute today 
sells for about 31 cents a pound, the finished yarn, that is. The manu¬ 
facturer’s cost of the finished yarn is approximately 7 to 12 cents per 
pound depending on the size of yarn you are talking about. 

* - 9 - * 

I don’t want anyone to get the impression here today that this sample 
of rope is better than manila hemp. However, here is a rope for good 
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general benice purpobCb. As a farm rope, kenaf makeb a verj evcelleiu 
producl: in this field. 

Now one of the properties that niechanicalh decorticated kenaf has 
vvhich ^^e have not known anything about until a shoil while ago is 
mildew resistance, that is, without any treatment. It’s much more re¬ 
sistant to mildev^ than jute. In fact it ib more resistant to mildew ihan 
untreated cotton. Thus it has this and some other porperties that we 
didn't expect to find. Therefore, I want to lake this opportunity to repeat 
lhat if you can get the kenaf cost down to where it should be, and still 
make a good profit, then there would undoubtedl) be a good market for 
something like this. 

Apparently the leason this mechanicall}/ decorticated fiber is so re¬ 
sistant to mildew is that in retted fiber the micro-organisms in the retting 
Avater stay on in that fiber after it has dried. Then, when you introduce 
the fiber to a moist, warm exposure again these organisms go back to 
work on the fiber and continue to break it down and even destroy it. 
In vieAv of the fact you folks really have plenty of mildew in this part 
of the country, at least during certain times of the year, this should be 
a pretty useful article in this section. 

In answer to a question someone raised just a moment ago regarding 
the strength of kenaf, I would say that under equivalent conditions of 
processing, grading, and testing, it should be about the same; at least 
I wouldn’t sa} at the moment that it is any stronger than jute. 


I am particularly anxious to show you this fine sample of sand bag 
made from kenaf yarn for the Corps of Engineers. This organization 
is very much interested in this fiber for strategic reasons. The Quarter¬ 
master Corps also is very much interested for the same reason. As a 
result we have a lot of sand bags made out of kenaf now under test to 
see how they stand up under such natural conditions of exposure. 


Here is a skein of yarn such as the bags Avere made of. We spun 
this in our plant at Allentown just a few days ago. It is as fine a sample 
of yarn as can be made out of kenaf, we believe. It wasn’t but two or 
three months ago that we thought kenaf was a little harsh and a little 
coarser than jute. We didn’t think it could be spun down quite as fine as 
this. We are finding out new things about kenaf every day and it now looks 
as though Ave are getting a type of fine jute yarn out of this fiber. 

Question from Aidience: 

Mr. Guthrie, hoAV about ihe comparativt* losses in >oiir spinning operations in 
handling kenaf A’ersus jute. 

Mr. Guthrie; 

Inasmuch as A\e haven’t had too much experience with kenaf in spinning thousands 
ol pounds as yet, I don't want to get way out on the end of a limb until we’ve had 
more experience with it. However, we believe that in the quantity handling of 
kenaf fiber we are going to find that the manufacturing losses Avill be less with 
decorticated kenaf than they are with retted jute. There is not so much of that 
river dirt and foreign material of one kind and another in it because it is washed 
pretty well in the decorticator before it comes out and we start out with a much 
cleaner fiber than Ave do in the case of jute. 



Question: 

Does il have lo ht* sized: that is, for making rugs? 

A-\swer: 

The matter of sizing will largely depend on the t)pe oi rug >ou aie making. 
If \ou are going to use it for velvet loom—for a back on a velvet loom you would 
probably size it. However, if you were going to use it for the filling of an Axininster 
loom you wouldn’t have to size it. That carpet there (points to sample) is an 
Axminsler t>pe that was not sized. However, latex w^as put on the back of it after 
it was manufactured to prevent it from slipping on a polished floor. 

Question: 

What is the principle source of kenaf fiber at the present time.' 

\nswer: 

Well, we hope to goodness that one principle place is right here in Florida. We 
are, of course, really just getting started on this angle of the problem. It looks 
to be as though the two chief sources of kenaf are going to be Cuba and Florida. 

Question: 

Can >ou purchase only limited quantities of il now? 

Answer: 

That is right. Only limited quantities of this fiber are now available. We can 
import retted kenaf, of course, but I do not want retted kenaf. We W'ant mechanicalK 
decorticated kenaf. 

Question: 

Why? 

Answer: 

Well, il makes a much belter product; it makes a siipcrh^r produc:. 

Question: 

Mr. Guthrie, have you checked Puerto llico as a source of kenaf? 

Answer: 

Yes, Puerto Rico is also a possibility. I understand, however, that land is quite 
expensive in Puerto Rico. You know that you have some excellent good land down 
here in Florida for growing kenaf. 

Question: 

What do the growers feel about $75.00 per acre profit? 

Answer: 

Well, of course, this is a brand new question. 1 am trying to ^ell >ou gentlemen 
on the idea of keeping your aim down to a reasonable profit per acre and building 
up volume in this enterprise. If you want to build up a real volume business out 
of this and are willing to keep that profit at a reasonable level you can surely do it. 

Question : 

You don't want retted fiber do you? 

Answer: 

No. ni say. But wait a minute, maybe I had better qualif> that statement. 
If you do a very excellent job of retting, the decorticated fiber w’ouldn’t be any 
stronger. Howrever, with a retted fiber, you get far more variations. Y'ou get some 
fiber that is very poorly retted and is full of w’eak spots and you get some other 
fiber that is very well done and makes an excellent carpet but the average job on a 
mechanically decorticated fiber will be superior to the average job on retting. Do 
I make myself understood? 

Qlestion: 

I would like to know if growlers would be willing to accept $75.00 an acre profit? 
1 would like to ask what a grower does get for his crop. 
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\? mcntiuiU'cl earli<*r the whole queslioji of productioji anJ market Jh a new one 
\Nith no one having had ver> much experience with it. With regard to the “crop*' 

1 v\onder if you mean your green stuff. While I am not an agriculturist 1 do like 
the idea of putting as inucli of that green material ba(‘k into the ground as possible. 

Qitlstio> : 

H(nv about the decoiMealing machine that cuts it in the field? 

V.nsWER: 

I think that something could he worked out on that. Of course, this machine 
that Jack Dempsey has that he is using on ramie will decorlieale kenaf. What we 
are tr>ing to do now is to develop a much cheaper machine that will do as good a 
job as >ou can on a big machine. We have been mixed up in the development of a 
decorticating machine which will be under test in Cuba within 10 da>s or two weeks 
and I don't want to say right now' that this is the machine but it is a lot closer than 
anything that I have seen before. What we are trying to develop is a decorticating 
machine w'hich will sell for less than $5,000 that any farmer can use. It certainly 
is a fact that an expensive decorticating machine like Jack Dempsey’s is a little bit 
of a stumbling block. We’re going all out in getting a machine developed that will 
be under $5,000 that will do a satisfactory job. I don’t want to get into the machine 
business, what I want is fiber at a reasonable price and it’s got to be a mutually 
profitable deal. It has to be mutually profitable to the grower; it has to be mutually 
profitable to the manufacturer and in the final analysis, as 1 have said before, it 
ib John 0* Public that decides what he will pay for things. If you want to make 
kenaf a luxury business then keep the price w’ay up. However, you're not going 
to build up any volume. If you want to build volume on kenaf you have to reall> 
apply >our ingenuity and get your coat down. If you do that 1 think that you have 
a marvelous future. 

Question : 

Is the fiber that is left from a seed crop worth an}thing? 

Answer: 

It isn't an> good for my purposes. How’ever, some manufacturer making a low 
grade product might be able to use the fiber that is left after the seed crop is 
removed. I am not going so far as to say that it's not good for anything. It could 
be used for paper. There is one thing about this particular angle, however, and 
that is the price for raw material used for paper must be ver>' low. If you get more 
than 2 or 3 rents per pound for raw material from the paper manufacturer you are 
doing well. 

Question : 

Mr. Guthrie, on that paper question, we understand that there is a paper mauu- 
lacturer in Miami w'ho will pay $300.00 per ton. 

An.sW’Er: 

$300.00 a ton? How much is tliat a pound? Let’s see, it’s around 15 cents. 
Well, if you can get anybody to pay 15 cents for it that is swell. It’s wonderful. 
You know, (me time I heard a fellow say that you could make $600 00 an acre on kenaf 
down here. Now, that kind of talk doesn't do this business any good because it 
sounds too much like a gold mine. If this w'ere. true I would get out of the manu¬ 
facturing business and away from it.*^ many headaches and into the business of 
growing kenaf. 

Question : 

If you can bu\ jute for 15 cents a pound, how much will you pay for kenaf? 
Vnswer: 

I will pay you 15 cents a pound for kenaf. You see, kenaf has some properties 
that jute doesn’t have that can be exploited. This matter of greatly increased 
resistance to mildew is something that can properly be exploited, if you know what 
I mean. Good salesmanship comd sell a product made out of kenaf, particularly 
down in the southern part of this country where, at certain times of the year, you 
are bothered with mildew. In such a situation kenaf mechanically decorticated, 
(‘ould be a vcr\’ useful product. 
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Question: 

Do you find that tbeie die many grades ol kenali* 

V^^WER: 

Well, 1 must tell >oii that >ou are a little hit ahead ol me. A\e aie going to 
tr> to do a little kenaf grading this week right do^\n here in Florida in an effort 
to set up some tentative grades, some commercial grades of kenaf fiber. I don't 
believe that there are going to lie man> grades of kenaf. It strikes me that with 
mechanical decortication maybe 3 or 4 grades might be sufficient. I can’t possibh 
conceive of how there could be as many different grades of kenaf as there are of jute. 
However, this classification simply has just got to be developed. We can’t have 
any hard and fast rules to begin with. At least that is m> opinion. \re there any 
other questions? 

Question: 

What about the cost of manufacturing the yarn.^ 

Answer; 

It all depends on what size yam >ou are talking about. In other words, the 
finer yams are more expensive to make than the coarser ones. So w'e can only talk 
specifically if you mention a particular kind of yam. 

Question: 

Wliat is the lelation ol fiber grade to manufacturing cost.'* 

Answer: 

I would sa> that >our manufacturing cost on most low grade fibers wouldn't 
be any lower; in some cases, it might be a little bit higher. If >ou are going to spin 
lower grade products jour saving must come from the cost of the fiber. Many times 
when you try to spin a lower grade fiber vtm have a higher manufacturing co**! 
because it doesn’t run as v\ell. 

Question : 

What is the cost of a sugar bag and how does the kenaf fiber fit into its production.'' 
Answer: 

1 am not sure, 1 think about 90 cents. However, I am not thinking about sugar 
bags. This kenaf fiber is going to have a much higher price and perhaps it is too 
good for sugar bags. Possibly you could make sugar bags out of some of the poorer 
grades, I don't know. I do know that the sugar bags made in Calcutta for Cuba 
today are from very, very low grade jute. Possibly you could make sugar bags 
out of the fiber from the seed crop that one gentleman was talking about here a 
while ago. That might be perfectly all right for this purpose. What I am anxious 
tor you gentlemen to do, now we are talking to these growers in Florida, is to make 
a high quality of kenaf and put it into an equally high quality fabric. 

The problem in Cuba regarding the sugar bags is a little bit different. I wasn't 
thinking in terms of Cuban sugar bags just now*. If jou could start off with your 
‘^ed fiber and be willing to sell that tor a lower price, majbe 5 or 6 cents a pound, 
then you could do .something with the cheap sugar bag. How'ever, 1 think the 
problem in Florida is how to produce a high quality fiber for which j'ou can get 
the maximum price. Certainly I do n<»t think the problem in Fhuida is to make 
a fiber that can be used only in sugar bags. 

In concluding and in reply to some remaiks that were not too audible I want 
to emphasize again that my main obective has been to disillusion you people who 
may need it. You can't make fifiOO.OO an acre on kenaf and make an industry of it. 



RAMIE PRODUCTION IN THE FLORIDA EVERGLADES 

Charles C. Se\le, Edward 0. CvnossTad, J. Frank Joiner 
and j VMEs B. P4 te “ 

The fiber plant ramie, Boehmeria nivea (L.) Gaud., is of oriental 
origin and since earl} times had been grown in many countries of soulh- 
eastern Asia. The largest area of production is in China, and the fiber 
is used mainly for making coarse fabrics. 

It was not until about the middle of the nineteenth centur} that ramie 
became distributed in various parts of Europe, Africa and the Western 
Hemisphere for the production of fiber. 

Ramie was introduced into the United States in 1855 and since that 
time has been grown experimentally in several of the southern stales 
including Florida, Alabama, Louisiana, Texas and California. In 1943 
the growing of ramie was initiated on a commercial scale in Florida. The 
variety B. nivea P. 1. 8752] obtained from Japan was used for propagating 
the crop. 



Figure 1.—Ramie observation plots in the fiber plant introduction nursery, Everglades 
Experiment Station, Belle Glade, Florida, 


The plant is a herbaceous perennial and is a member of the Urticaceae 
or Nettle family. At maturity the stalks are 6 - 7 feel in height and about 
^^2 itich in diameter. The fiber is located in the bast and possesses a 
high tensile strength, a characteristic that makes it valuable for specialized 
industrial use. 


PRODUCTION AND USE OF FIBER 

Under proper conditions of management ramie grows well on the 
peat soils of the Florida Everglades. However, it is sensitive to flooding 
and should be grown only where good water control facilities are avail¬ 
able. The stand can be severely injured by flooding for 36 to 48 hours. 

* Assoc. Agronomist, University of Florida, and Agronomist, Asst. Agronomist 
and Agronomist, U.S.D,A., respectively, Everglades Experiment Station, Belle Glade, 
Florida. 
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Ramie is piopagated liom ihizome cutUngb !5eed is not lecommendt I 
foi planting except foi ciop impio\ement lliiough bieedmg and selection 
Planting done b\ mechanical methods in the spiing or eail> summei 
in ioi\s I feel apait \Mth plants 1 fool in the low gi\ing a stand of about 
10 000 plants pei acie Planting material loses it \lability veiy rapidl\ 
aftei piepaialion and should be kept damp and piotected lioni exposuie 
until lead^ foi use 



Figure 2—^Field planting of the commeicidl vanetv of lamie B mita P I 87521 


Feitilizei IS applied at the lime of planting in bands between the lows 
Subsequent applications aie bioadcast in the wintei season o\ei the 
standing giowth 

Ramie is cultivated mainl> foi weed contiol seveial limes after plant 
mg until a stand is e^tahli'^hed Heavv infestations of bioadleaf weeds 
which ma} develop when the stand is ieduced b> injury fiom flooding 
or fiost can be contiolled b> the use of 2,1 D The herbicidal tieatment 
tempoiaiilv sets back the giovvlh of the plant but does not have a detii 
mental effect on the quality of the fiber 





The stand i& geneially itad) foi liu\e'-l the }tai litti plantuis Thf 
wmtei siowth cut back oi stajjed in the eaih ^pims; ii d thiee 
tuUingjs aie geneiall) obtained in a sea^ion The fust ciop miLuies in 
70 to 30 da\s In the summci when conditions of tempeialuic ind lain 
fall aie more favotable foi giowth the second and thud ciops die lead^ 
foi hai\es>t m about 60 days So fai no attempt has been made fominei 
ciall} to obtain moie than thiee ciop^ in a season 



Figure 4—Normal growth of ramie in a plot receiving an application per acie 
of 60 pounds PoO 150 pounds of K 0 and the rainoi element*! coppei manganese 
zinc and boion 


After the sixth oi seventh year of ciopping a decline in \ield ma'v 
occur In such cases it is generally piofitable to rejuvenate giowth b\ 
deep ploughing and cultivation 

4 short time befoie haivesl lamie is defoliated bv chemical tieal 
ment The piincipal benefits of defoliation aie (1) an inciease in mill 
capacity and (21 the feitilizei value ol the leaves Recent expeiimental 
and laige scale commercial test have shown that Endothal 13 6endoxo 
hexahydrophthalale) is effective as a defoliant 

Ramie is haive^ted, decoiticated, diied and baled b^v modem mechani 
cal methods 

Average yields of total gieen maleiial and dry decoiticated hbei foi 
three crops in a season aie 25 30 tons and 1,000 1,800 pounds lespec 
tivelv In 1952 ramie fiber pioduction m Florida amounted to a little 
under thiee million pounds of decoiticated fiber from 2,500 acies 

Ramie fibei is used m the manufactuie of automobile and fuimtuie 
upholstery, linen tjpe fabiics, blends with wool, industnal packing 
fire hose fish nets and othei miscellaneous ailicle'^ 




EXPERIMENTAL STUDIES 


A consideiable amount of experimental work has been carried out 
on lamie b> the Florida Agricultural Experiment Station in cooperation 
'i\ith the U. S. Department of Agriculture. The more important phases 
of this work are discussed. 



Figure 5.— \ close-up \ie\N ol a lamie 
plant in bloom. 


Since 1945 sixty ramie introduc¬ 
tions have been obtained by the Ever¬ 
glades Experiment Station through 
the Division of Plant Exploration 
and Introduction of the U. S. De¬ 
partment of Agriculture and through 
other sources from several foreign 
countries, including Japan, Philip¬ 
pines, Indonesia, Cuba and Brazil. 
These introductions have been plant¬ 
ed in the fiber nursery at the Ever¬ 
glades Experiment Station and the 
more promising types have been in¬ 
cluded in variety experiments. 

During 1946-47 crosses were made 
with four ramie introductions of B. 
nivea^ but the seedling obtained were 
destroyed by flooding. An unsuccess¬ 
ful attempt was made to cross B. 
nivea x B, cydindrica. The latter is 
commonl) found growing wild in the 
Everglades and appears to be toler¬ 
ant to high soil moisture conditions. 




In coiitiabt to the limited amount of 'v\oik done on bleeding, a coii- 
•^iderable amount of attention has been gi\en to the selection of impro\ed 
t\pes of lamie which possesses the following characteri«ilics: 

11) a high fiber content of the stalk. 

(2) a low green stalk: dry fiber ratio. 

(3) a fine denier of fiber. 

Some of the most promising selections possessing these characteis have 
been included in variety experiments. 

Preliminary trials conducted in 1947-48 indicated that several varieties 
of ramie jB. iiivea gave very much better yields on Everglades peat soil 
than on sandy soils in South Florida. Practically all of the varieties 
tested made very poor growth on Leon fine sand, but a few grew well 
on Da\ie mucky sand. More recent variety experiments on Everglades 
peat soil have shown that an introduction from Brazil B. nivea P, I. 
205492 Murakami gave a significantly higher yield of fiber than the 
commercial variety, B. nivea P. I. 87521. In these experiments B. Utilis 
P. I. 205502 gave very poor yields. 

In feitilizer experiments on newly culti\ated E\erglades peat soil, 
the greatest response in the fields of total green material and fiber was 
obtained from the application of potash and of the minor element zinc. 
On this t^^pe of soil nitrogen and phosphate had no significant effect on 
yield. On older cultivated Everglades peat soil, which had been cropped 
for four years with ramie and had received annual applications of potash, 
phosphate and minor elements, yields were significantly increased b\ 
the application of phosphate. 
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THE CULTURE OF KENAF IN SOUTH FLORIDA 

E. 0. Gangstad, C. C. Seale, J. B. Pate and J. F. Joyner 

Kenaf is not a new crop. It has been grown in tropical, subtropical 
and even temperate climates of the Far East for many centuries. Because 
hand methods have been required for the culture and processing of the 
crop, cultivation in the United States has been limited to experimental 
plantings. However, the potentialities for mechanical production of 
kenaf fiber have been recognized. 

Preliminary trials have shown that the Salvadorian strains of kenaf 
are well adapted to the conditions of South Florida. Their vegetative 
vigor is particularly important for high yields of fiber. Manchurian 
strains ripen early and do not develop well under our conditions and 
are perhaps more suited to a temperate climate. Various tropical species 
which have been tested do not give a good yield of fiber. They are 
generally perennial in growth habit and are to be considered more as 
ornamentals. 


TABLE 1. —Relation of Plant Development and Kenaf Fiber Yield to Four 
Different Ages of Growth at Five Different Dates of Planting on Ever¬ 
glades Peat, 1950 Season. 


Planting 

Date 

Measurements 

Taken 

Age in Days at Time of Harvest 

75 

100 

125 

150 

15 June 

Plant Ht. (In.)* . 

70 

87 

115 

116 


Stem Dia. (In.)** . 

8/16 

8/16 

9/16 

10/16 


Fiber Content (%)t - 

4.41 

6.83 

6.36 

6.33 

30 June 

Plant Ht. (In.) . 

73 

94 

107 

111 


Stem Dia. (In.) . 

8/16 

8/16 

9/16 

9/16 


Fiber Content (%) .... 

5.23 

6.31 

6.64 

6.72 

15 July 

Plant Ht. (In.) . 

69 

87 

96 

98 


Stem Dia. (In.) . 

8/16 

9/16 

9/16 

8/16 


Fiber Content (%) .... 

4.89 

5.67 

5.46 

5.49 

30 July 

Plant Ht, (In.) . 

60 

68 

73 

75 


Stem Dia. (In.) . 

6/16 

7/16 

7/16 

7/16 


Fiber Content (%) .... 

4.05 

4.71 

4.74 


15 Aug. 

Plant Ht. (In.) . 

58 

62 

63 

67 


Stem Dia. (In.) . 

6/16 

6/16 

6/16 

6/16 


Fiber Content (%) .... 

4.16 

3.89 

4.21 



* From ground surface to tip. 

* * As measured at median height of plants. 

t Oven dry basis after retting ribbons that had been separated by hand. 


The commercial Salvadorian variety has given the best fiber yield, 
but has several limitations to commercial production. It is susceptible 
to root knot nematode, root rots and other diseases. 

* See footnote page 129. 
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The Salvadorian strains of kenaf flower and fruit during October. The 
time of flowering is only slightly affected by date of planting. Vegetative 
growth is accentuated by planting in the spring, April through June, 
and a good fiber crop is produced. The vegetative growth of the plant 
is much reduced by planting in August and September (Table 1), and 
a smaller plant more readily handled for seed production is obtained. 
Plantings later than September have not given good yields of seed. 

Kenaf is not as limited to a particular soil type or specific soil condi¬ 
tion as many crops. In practice, the best seed crops have been obtained 
on the mineral soils, while the highest yields of fiber have been obtain 
on the organic soils. It is, in fact, difficult to obtain a good yield of seed 
on the organic soils. The light sandy soils are not very suitable for seed 
production because of severe leaching. Applications of fertilizer have 
in some cases been leached away before the plant has been able to utilize 
them. 


TABLE 2.— Relation of Rate of Kenaf Seeding to Plant Stand and Fiber Yield 
FROM a Planting Made April 20, 1950, on Everglades Peat and Harvested at 
118 Days of Age (August 16). 


Stem Diameter* ** 

I Inches) 

i 

Plant 

Height 

(Inches) 

Number of 
Plants 
(per A.) 

Total Green 
Weight* * 
(Lbs./A.) 

Fiber 
Contentf 
(Percent) 

Fiber 
Yield 
(Lbs./A.) 

Planted 7 inch row spacing, 10 pounds seed per acre 

%-i%. 

99 

36,788 

i 

29,605 

4.24 

1,256 

. 

87 

32,451 

10,144 

4.20 

431 

%-ya . 

69 

53,559 

4,734 

3.66 

179 

Total . 

1 

122,307 

_ 1 

44,483 


1,866 


Planted 7 inch row spacing, 20 pounds seed per acre 


94-114 . 


42,198 

36,112 1 

4.39 

1,586 

Vs-’Ti . 


37.329 


4.66 


. 

75 1 

78,445 

1 

6,222 

3.99 

i 

247 

Total . 


157,972 1 

_ 1 

53,290 


2,343 

Planted 7 inch : 

row spacing, 70 pounds seed per acre 


»4 - ly* . 

1 

111 

40,450 

34,004 

4.48 

1,514 

1/2-34 . 

102 

61,341 

19,225 

4.58 

873 

. 

78 

] 

139,129 

10,557 

j 

4.10 

434 

Total . 


240,920 

63,786 


2,820 


* As measured at median height of plant. 

** Of entire plant. 

t Based on green weight plant material and oven dry fiber after retting ribbons 
that had been separated by hand. 















For good yields, 1,000 to 2,000 pounds of 12-8-8 or 12-8-10 per acre 
are required on the sandy soils and 500 to 1.000 pounds per acre of 
0-8-24 on the new muck soils and a similar amount of 0-8-16 for the 
older muck soils. The addition of copper is particularly important on 
the muck soils and has also showm some response on the sandy soils. 

The seed may be planted with a standard grain drill using the common 
seven inch spacing. For fiber, a rate of 25 to 30 pounds per acre on 
the muck soils has given good results (Table 21. Such a rale of planting 


TABLE 3.—Relatio> of Date of Planti.ng A^D of Age at Time oi Har\est to 
Green Weight of Component Parts of Kenaf Plants Grown on £\'ergl\des 
Peat, 1950 Season. 


Planting 

1 

' Plant 

Age 

in Da}b at 

Time of Han'est 

Date 

Component 

75 1 

i 

100 1 

125 

150 

Green weight in grams 

15 June 

Total Plant .. 

. 268.0 * 

1 ! 

' 245.3 

I 

490.8 , 

465.6 


1 Stem . 

. 169.7 

1 194.2 

1 404.5 

375.6 


, Ribbon . 

. 1 69.6 

, 83.5 

• 155.8 

150.1 


Percent green weight 

Leaves . 

. 24.4 

1 20.8 ' 

17.6 

19.3 

Shive . 

. 37.4 

45.1 ' 

50.7 

46.4 

Leaves and Sliive 

. 618 

, i 

1. ‘ 

68.3 

67.7 


Green weight in 

grams 



15 Juh Total Plant. 

. 222.0 

1 248.2 ! 

384.7 

325.8 

Stem. 

. 150.3 

1 206.0 ' 

' 290.2 1 

269.1 

Ribbon . 

1 

. 61.7 

1 842 

: ! 

’ 114.2 

112.5 


Percent green weight 


Leaves . 32.3 17.0 ' 24.6 i 17.4 

. Sliive . 39.9 ' 49.1 1 45.7 j 48.1 

Leaves and Shive . ' 72.2 66.1 i 70.3 , 65.5 


Green weight in gi'ams 



136 



























^v^ll generall) give 150,000 to 200,000 plants per acre or 4 to 5 plants 
per square foot. Higher rates of seeding will increase the number of 
small plants, but the number of plants satisfaclor) for (iber is not very 
much increased, 

Keiiaf should be harvested 100 to 125 days after planting. The 
jjercent yield of fiber increases rapidly up to about 100 days maturity. 
At 125 days the yield is near maximum. After 125 days, the plant soon 
becomes too mature for easy removal of the fiber, and the quality of the 
fiber deteriorates. 

The best yields of fiber are obtained from the early plantings of kenaf, 
April through June. The height of the plant, and particularly the 
diameter of the stem is reduced in the later plantings. 

A part of the cost of producing kenaf fiber is due to the large amount 
of green plant material that must be handled. Defoliation or topping 
has been advocated to reduce the amount of plant material which would 
be handled. In experimental plots it was found that the leaves account 
for 20 to 25 percent of the total green weight (Table 3). 

Since the fiber of the kenaf plant is located in the outer portion of 
the stem, just beneath the bark, it is possible to further reduce the total 
green weight to be handled by mechanically ribboning the stalk in the 
field. The shive or inner portion of the stalk is found to account for 
40 to 50 percent of the total green weight. If both leaves and shive are 
removed, 60 to 70 percent of the green weight will be left in the field. 

The mechanical harvesting of the kenaf plant is facilitated by the use 
of topping devices to remove the upper portion of the stalk. Experimental 
studies (Table 4) have indicated that approximately 6 percent of the 
total fiber is lost by such a process, if the upper quarter section is removed. 
The basal portion of the plant contains the most fiber and the fiber yield 
is critically affected by cutting loo high. 

TABLE 4.--T0TAL Green U'klght in Grams, per Section of Plant, the Percent 
Dry Fiber of Green Stalk Weight anu the Percent of Total Fiber in Each 
Quarter Section, Base to Top, for a June Planting of Salvadorian Kenaf 
Grown on Everglades Feat, 1950. 


Plant 

Weight of Plant Sections (Grams)’" 

(Jornponem 

Base 

Second 

1 Tliird 

1 Top 

Section 

"•'t Section 

1 Vi Section 

1 Vi Section 

Leaves . . 



1 

i 

88.8 

Stalk. 

1 136.0 

77,9 

51.5 

26.2 

Ribbon. 

44.4 

31.6 

18.1 

6.8 

Fiber*« . 

7.7 

.5.7 

3.1 

1,0 

Percent Fiber in 





Section** . 

6.8 

7.4 

6.0 

3.9 

Percent of Total 

Fiber in Plant*' * .... 

43.8 

32.8 

17.7 

5.7 


* Based on total weight of green plant material, 

** Based on oven dry weight of plant material and on oven dry weight of retted 
fiber from rjl)bons tha^’ had been separated by hand. 








THE POTENTIALITIES OF SANSEVIERIA FOR FIBER 
PRODUCTION IN SOUTH FLORIDA 

J. F. Joyner, J. B. Pate, E. 0. Gancstad and C. C. Se\le ’ 


The more common cordage fibers abaca, sisal and henequen are 
imported from the Philippines, East Indies, ihe Latin Americas and 
Africa. Although these fibers are standard articles of commerce and are 
i-eadily obtained in the market during normal times, in the event of 
national emergency, foreign supplies, especially those from the Eastern 
Hemisphere, might be drastically reduced and the demand increased. 
For purposes of strategic defense, we need a plant suitable for hard cord¬ 
age adapted to large scale mechanized production grown in or near the 
continental United States. As concluded by a group of specialists during 
the last war, sansevieria is one of the few hard cordage fiber plants which 
has potentialities for large scale mechanical production, and may possibly 
be grown in South Florida. 

Original investigation of sansevieria in Florida was made by Dodge 
in 1892. He noted that the plant grew wild in the southern part of the 
State, as far north as Lake Worth on the East Coast and the Caloosahatchee 
River on the West Coast. Wild leaves measuring from 3 to 7 feet in 
length were obtained from Boca Chica Key and decorticated on a modified 
Finnegan-Zabrisky machine obtained from Paterson, New Jersey. 

Various attempts were made to harvest the wild growth of sansevieria 
in Africa from 1900 to 1920. European colonists observed that the fiber 
was a natural resource which might be exploited. Although these attempts 
appeared successful at first, they were later discontinued at considerable 
financial loss. The round leaf species growing in these areas had a coarse, 
poor quality fiber and they did not recover well after cutting. It was 
soon necessary to go too far afield to gather new material. 

From 1910 to 1940, several attempts were made to cultivate sanse¬ 
vieria in Mexico, Cuba, Puerto Rico, the Bahamas and the British West 
Indies. These efforts have not been very productive. At the present 
lime, a limited amount of sansevieria fiber is produced in Mexico and 
imported by the United Stales. 

During the last war, the USDA and the Everglades Experiment Station 
set up a cooperative project at Boynton, Florida, to develop practicable 
methods for culture, handling, harvesting and processing of sansevieria 
for fiber production. These investigations were continued after the war 
and plantings extended to Indiantown in 1950. 

In the progress of these studies, it was found that the round leaf 
species, sudi as S. ehreiibergii Schweinf., the species commonly used for 
fiber in Africa, were unsuitable for commercial production because of 
poor fiber quality, slow rate of growth, lo\v yield of fiber per acre and 
diflSculty of reproduction. 

The broad coriaceous leaf species such as S. Kberica Ger. & Labr. and 
S. longlflora Sims have the highest fiber content. However, the fiber is 
not easily cleaned, the leaves are rather short and they are difficult to 


’• See footnote page 129. 
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propagate leal’ cuttings. The\ arc, howe\er, readiU piopagatccl !>} 
rhizomes and tend lo have a seasonal growth habit. 

Tlie long or petiolar leaf species such as S, thyrsi flora Thurib. and 
S. trijasciata Prain, have shown the best promise for liber prodndion 
in Florida. They are readily propagated from leaf cuUings which can 
be planted in a large acreage l>y mechanical means. Under proper fertil¬ 
ization and adequate sup])ly of moisture, they develop dense stands of 
plants and a high yield of fiber. While thymiflora has shown consider¬ 
able damage by frost during ihe mid-win ter season. 5. trijasciata is some¬ 
what resistant to frost injury. The broader leaf of S, thyrsi flora lends 
to sunburn more than S. trijasciata. fn a cultivated stand, 5. trijasciata 
generally grows somewhat taller and develops a more dense stand. It 
does not have as high fiber content as 5. thyrsiflora, but has a higher 
yield of fiber. 

Although sansevieria is commonly thought of as a xerophytic plant, 
capable of existing under arid conditions, good growth and yield of fiber 
is not possible without adequate moisture. If moisture supply is not 
adequate, the plant does not grow. 

Proper weed control is also necessary until the stand is established. 
Weed competition will greatly retard or even prevent the development 
of a stand. Clean cultivation should be practiced until the plants begin 
to ratoon. Chemical methods of weed control are being carefully studied 
and are very promising. A new DuPont experimental weedicide, CMU, 
has shown very good results in the control of crab grass, water grass 
and Bermuda grass without injury lo the sansevieria. 

On the light sandy soils, a relatively high rate of fertilizer is necessary. 
One thousand pounds per acre of 12-8-0 fertilizer with minor elements 
and Uramon as a source of nitrogen have given good results. Nitrogen 
and potash appear to be the most limiting to growth. It also has been 
found that proper application of N and K increased the resistance of the 
plants lo cold injury. 
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THE BREEDING OF IMPROVED VARIETIES OF KENAF 
SANSEVIERIA AND RAMIE FOR SOUTH FLORIDA 


J. B. P\.TE. J. F. Joyner, E. 0. Gvncstvd and C. C. Se\le 

There ha& been little research on the im|)ro\cmenl of kenaf, banse- 
\ieria and ramie through plant breeding. High fiber }ield per acre is 
a character of importance in all tliree crops. There are also special 
problems in each crop which can best be solved by breeding. 

Variety tests on kenaf, Hibiscus cannabinus L., have show'll that the 
Salvadorian strains aie best \ielding under Florida conditions. How¬ 
ever, these strains are susceptible to root-knot nematodes, root rots and 
other diseases. The deielopinenl of disease-resistant ^arielies is the 
major breeding problem in kenaf. 

Several strains of //. cannabinus and related Hibiscus species were 
collected and planted in a breeding nursery in 1951 at the Everglades 
Experiment Station. A severe root-knot nematode infestation and various 
root rots developed in the nursery. An ornamental Hibiscus species was 
observed to be resistant to the root-knot nematodes and the root rots. 

Pure line selection was initiated in the 1951 breeding nursery in the 
Salvadorian and certain other introductions of kenaf. This method of 
selection will lead to the development of homogeneous strains of kenaf. 
In the process of selection, particular attention will be given to disease 
resistance, plant type, fiber yield and quality of fiber. Crossing of 
various types of kenaf has already begun. Selection in segregating 
generations will give combinations of desirable characters present in the 
two original parents. 

Several species of sansevieria have been used for fiber in various 
parts of the world. These species show variation in ease of propagation 
by leaf cuttings, rate of growth, length of leaves, resistance to cold injury, 
recovery after cutting, percent fiber and quality of fiber. S. trifasciata 
Prain appears to be more desirable for fiber production in South Florida 
than any of the other species. It can be readily propagated by leaf 
cuttings and recovers Avell after harvest. It grows faster tlian the other 
species and produces a very dense stand of plants with long lea\cs giving 
good yields. Though it can withstand frost injury belter llian the other 
species, an even more tolerant variety is desired. Other characters which 
should receive special attention in a breeding program are percent fiber 
and rate of growth. A small increase in percent fiber represents a sub¬ 
stantial increase in yield per acre. Sansevieria is very slow growing 
and it may be possible to develop varieties Tvith a faster rate of growth 
than S. trifasciata. 

Clonal selection within species, seedling selection in S. trifasciata and 
interspecific crossing are breeding methods being followed in the sanse¬ 
vieria breeding program. Clones of different species, particularly S. 
trifasciata^ S. thyrsi flora Thunb. (5. guineensis Willd.), S. longiflora 
Sims and S. trifasciata var. lavrentii (DeWild.) N. E. Br. are being col¬ 
lected in Florida and obtained through the Dhision of Plant Exploration 


See footnote page 129. 
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and Introduction, IL S. De|jartmeiu of Agriculluie. Cloiidl selection 
ill a species which is propagalotl entirely !>> a‘-e\ual means would no! lie 
expected to be efTeclivc' unless somatic mulations ha\c o<‘cuired. S, 
llnrsiftora does not produce seed and piesumably has licen propagated 
entirely asexuallv. 5. longiflo/a and S. irijasciata var. laurentn jiroduce 
\ei> few seed and liave ])rol)al)ly been piopagaled niainlv b> asexual 
methods. Clonal selection in tiijascinui oflVrs the most promise of 
obtaining clifTerenl Uj)Cs sin<‘e it produces abundant seed. Tliese ha\e 
undoubledl;y been spread by birds and othei mean^. Clones of S. tri- 
jasciala in differenl localiti(‘s may have originated from seed and bt* 
different genetically. 

Since S. irijasciata produces seed, seedling selection offeis pioniise 
in obtaining a cold resislanl high yielding strain. At prc'senl, o\cr 200 
seedlings of S. Lrijasciala have been space planted in the field. 

Interspecific crossing offers the possibility of combining desirable 
characters of two species. Several interspecific crosses involving S. tri- 
fasciata, S, tiijasciata var. laurenlii, 5. parva N. E. Br., S. ihyrsiflota^ 
S. longiflora, S. liberica Ger. & Labr., 5. cylindrica Boj. and S. deserti 
N. E. Br. have been made. Hybrids of 5. irijasciata x S. irijasciata vai'. 
laiirentii, S. trifasciaia x S. parva, S. lrijasciala x S. liberica and S. 
lrijasciala x S. deserti have been obtained. S. Irijasciata^ the best natural 
species for fiber production in South Florida, has thus been crossed with 
the most cold tolerant type, S. Irijasciata var. laiirentii, and with the high 
fiber content species, S. liberica. 

Factors in addition to higher yield which should be considered in 
a breeding program in ramie, Boehmeria nivea Gaud., are belter quality 
fiber, particularly liner denier, and reduction in or elimination of seed 
production. Volunteer seedlings in a planting of a clone of ramie con¬ 
tribute to stand deterioration and may cause a reduction in the uniformity 
of quality of the fiber. A program of selection in ramie has been going 
on for some time at the Everglades Station. Early efforts to cross Bohmeria 
cylindrica (L)SW, a species growing wild in the Everglades, with the 
commercial variety of ramie, an introduction of B. nivea, to obtain plants 
more tolerant to flooding were unsuccessful. Clones arising from seed¬ 
lings from the commercial variety of ramie and introduced clones are 
being evaluated. Some of these show considerable promise. 

In addition to seedling selection in various varieties and selection 
among introduced clones, a method which apj)eais worthy of trial is the 
production of a hybrid ramie. Iiibnxl lines could be obtained by self- 
pollination. it will probably be necessary to self for I) - I generations 
to obtain a reasonable degree of uniformil) in the inbred lines. Once 
these pure lines are obtained, the best ones could be intercrossed and 
the hybrids tested. The hybrid could be propagated asexually and the 
vigor of the Fi maintained. 
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THE OUTLOOK FOR A PILOT-PLANT SANSEVIERIA 
PROJECT IN SOUTH FLORIDA 


Fred Abbott* 

Memberb of llie Soil Science Society of Florida and visitors. I find 
myself this morning somewhat in the position of the little man who had 
a vocation as an author and an avocation as a lawyer. He told mam 
delightful little stories when with authors that mostly centered around 
lawyers; and about lawyers when with authors. He at one lime remarked 
that when he was in the presence of lawyers they considered him an 
author and when he was with a group of authors they considered him 
a lawyer. And so it is with my position; when I am in a group of rail¬ 
road men they think of me as a farmer and when I am with a group of 
farmers they tihink of me as a railroad man. In any event, a little review 
of the history of the sansevieria project in Florida might be in order.^ 

Early in World War II when the Japanese took over the Philippines 
they also gained possession of the great abaca plantations from which 
the nations of the world then largely secured their supply of marine 
cordage. The War Production Board immediately began to search for 
a substitute fiber and asked the Agricultural Department of the Seaboard 
to assist. We were familiar with the fiber that is recovered from sanse- 
\ieria and were of the opinion that it would be a satisfactory substitute 
for abaca (Manila hemp). A quantity of sansevieria leaves harvested 
on the lower east coast of Florida from wild growth were sent by boat 
to Cuba for decortication in the sisal mill of International Harvester 
Company under our direction and at Seaboard expense. The fiber was 
returned to the American Manufacturing Company, Brooklyn, New York, 
who made it into % inch rope and found that it compared very favorably 
ivith abaca; and was better than sisal. Sansevieria fiber also was found 
to be well adapted to the hard fiber machinery in use in America. 

In 1942 the War Production Board, as a result of the above investiga¬ 
tions initiated the setting up of the Research Laboratory at Boynton, 
Florida. This was to study the agronomic and mechanical problems of 
producing and processing sansevieria fiber. This work has been con¬ 
tinued thru the years by the U.S.D.A. and the Florida Experiment Station 
on a gradually increasing scale until now it is felt that sufiBcient informa¬ 
tion has been developed to warrant the establishment of a semi-commer¬ 
cial plant. 

Sansevieria was brought to the attention of Mr. George L Dewey of 
the Bureau of Ships of the U, S. Navy. His reaction was that, in the 
interest of national security, it is what the navy needs as a source of 
marine cordage fiber located on the mainland of the U. S. where it would 
be available at any time and all times and grown where it would not 
displace food and feed crops. Sansevieria grown in certain areas of the 
lower east coast of Florida fully meets these requirements. Supplies of 
Florida-grown sansevieria fiber have been furnished the navy’s ropewalk 
in Charlestown Navy Yard, Boston, Mass., several different times at the 

* Agricultural Agent, Seaboard Railroad Company, Savannah, Georgia. 

^Note: A picture of the crop in the field, the decorticator and the baled fiber 
is to be found in the photo series co\ering the field trip beginning on page 175.—Ed. 
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request of Mr. Dewe). At the conclubjon of the la^l lest run of 1,000 
pounds Mr. Dewey prepared the necessary bpecifications for purchase 
of baiiscvieria fiber by the U. S. Nav} as these tests had salisfaclorih 
proven that sansevieria is a salisfaclor) alternate for abaca. Further¬ 
more, it has been deterinined that eoinmercial manufacturers aie inlei- 
ested in almost unlimited (i[uanlilieb of this fiber. Thus the need foi 
sansevieria fiber has been (.established both b> advice of the armed services 
ill the interest of national seeuril) and b} those commercial interests who 
w^ould like to buy this fiber. 

The Navy's request of the Munitions Board for a supply of domesticall\ 
produced sansevieria fiber has resulted in the issuance of a directive lo 
the Secretary of Agriculture for a fiber plant operation. Such a project 
operating on a pilot plant scale will permit perfection of all phases of 
growing, harvesting and decortication on a commercial basis and, at 
the same time, provide a back-log of material and information that would 
permit the rapid expansion of the acreage in time of emergency. Both 
the people of the U. S. Department of Agriculture and the Florida Slate 
Experiment Station who have worked with this crop through the years 
are in accord with this pilot plant program, the establishment of which 
might mean a new industry both for the State of Florida and the United 
States and go far in avoiding the recurrence of finding ourselves without 
the necessary fiber supply for marine cordage as we did in World W ar II. 
Thank you. 

Chairman : 

Are there any questions? 

Question : 

Why can we not use the abaca lioni tlu‘ pioject tliat is being de\eloped in 
Central America? 

Mr, Abbott: 

Particularly because of sea iransporlalion dial is nece^sdi> in getting it lo our 
manufacturing plants. 

Question: 

Do 'we have enough foundation plant material to stall •-uch a projei'tr 
Mr. Abbott: 

Yes, at least in a small wa>. 

Question: 

As you ina> know, there is quilt* a lot ol it giowing in vaiimi^ area*' <Io\mi on 
the Keys. Would this be u.seful? 

Mr. Abbott: 

They won't necessarily use that variety. 

Question: 

How about growing the crop on down in Cential America—say in Costa Rica?® 

“Unfortunately no one seems to have thought of bringing up the question of 
growing this fiber in frost-free Mexico with her joint boundary line of many hundreds 
of miles with the U. S. and where there are vast areas of eminently satisfactory land 
for the purpose. This of course should not minimize the need for working out the 
problems of mechanized harvesting and processing which, along with higher fiber 
yields per acre or per hectare, might give this fiber an appreciable advantage over 
abaca—at least within the field of its particular adaptability. Incidentally, the 
culture of sansevieria on a small scale has been under way for a number of years 
in Mexico.—Ed. 
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Mr. Abbot i: 

Doctor (J. J. Ochse), that is what we wen* talking about. In World War 11 
we wouldn’t trust coastwise shipping to gel fiber over hero as we had 10 to 20 boats 
a week sunk off the coast of Florida. The Navy wants to get production started 
in this country. It is Uue they are developing abaca in Central America and if wc 
could get it here with assurance at all times it would be tlial much belter. However, 
as 1 see it we must face the lacts and develop a backlog of domestic hard fiber 
production lU'-t as soon as possible. 

CH4IRMAN : 

Are there any other questionsV . . . li not I would like to ask Mr. James -M. 
Dempsey, Manager, Fiber Division, Newport Industries, Inc., if he will lead the 
discussion. 

Mr. Dempsey: 

I was very much impressed by .some ol the points which were brought out b} 
Mr. Seale and would like to comment on a few of them.’* First of all is the question 
of pest control. One kind of insect that we have not been able to control very well 
is the w’ire w^orms that attack the roots of the young plantings. That is one problem 
which is in need of a little nioie work. 

In my opinion, the work that has been done on fertilization has been most 
thorough during the past seveial years. However, the problem of rehahililalion of 
old plantings is one concerning which w^e don't know loo much. We have done a 
little work on it and it has been encouraging so far but that is another pioblem 
which very definiteh must have more woik doin' on it. I know it’s pretty close to 
lunch time but I’ll be veiy glad to do what evei I can with any (ptestions that you 
may want to raise. However, it would seem that most of the questions on kenaf 
have already been prett> well co\ered by Mr. Guthrie and others. 

Mr. Edwards: 

I would like to make a remark or two about the various fiber crops being woiked 
on in this area. We ha\e heard a lot of discussion here about the growing and 
processing of these crop.s for fiber. There is one thing that hasn’t been touched 
upon at all and that is the various by-products that can be had from these plants. 
1 have analyzed ramie and found that the plant contains gums, waxes, chlorophyll 
and many other components of potential value if they could be recovered economically. 
For instance the woody stem is 85 percent pure cellulose which could be used in 
plastics and in many other ways. In my opinion the by-products of some of our 
fiber plants could be made to more than pay the whole cost of production. It 
seems to me that the time has now arrived when we should pay some attention to 
at least some of the many by-products that could he recovered during the processing 
of these plants, 

Mr. Dempsey: 

From the standpoint of b}-products that may l)e derived from ramie my company 
hasn’t been exactly idle. However, the emphasis ver> definitely has been put on 
the recovery of the fiber. It i.s quite true that there is considerable work that should 
be done on recovery ol other products. In fact, some years ago, when we first started 
our operations, we started in dehydrating and making a leaf-meal from the tops 
as was referred to by Mr. Seale, For several years we .sold that meal primarily for 
the extraction of chlorophyll; also as a feed. Insofar as the economics of the 
opeiation was concerned, we ran into the problem ol high moistures that had to 
he taken out of the plant. When w'e finished it was not too profitable because the 
end product which we sold had to compete with alfalfa leaf-meal; and we also 
learned that by defoliating in the field before haivesting we could leave about 40 
percent of the total green w’eight of the plant material in the field. This not only 
added to^ the nutrient substance, in the form of this crude plant material that it 
was possible and desirable to leave in the field, but it also gave us an entirely new’^ 
outlook in the decortication process in view of the greatly reduced amount of plant 
material that it was necessary^ to put thru the plant. There are, of course, possi- 

® Note: Many of the field and mechanical problems referred to in the earlier 
papers and in the discussion that follows are to be found quite well illustrated in the 
photo series covering the field trip beginning on page 175.—Ed. 
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bililirfc. of utilizing the ^^ood> material oi shives alter decoiiication. Howcvci, the 
i)est use we know foi it at the present is as a compost which when well <lecomi)Ose(l 
makeh quite a good organic lertilizer analyzing somewhere in tlie neighbothood ol 
4 . percent nitrogen, 2 percent phosphate and 2 percent potash, ft is especially good 
as an organic nitrogen lor sandy soils. On the peat soil such as W'o have T don’t 
think that it would he particularly helpful. 

Qiii.sTiOft: 

What is the principal use of ramie at the present lime? 

Mr. Dempse\: 

Prior to 1951 our fiber was largely .sold for export where it was used in quite 
a diversified number of fabrics such as table cloths, towels, sheets; also sewing 
threads and many other items. It was largely sold to France, Switzerland, Germany 
and Italy. It also was used in such industrial fabrics as canvas, fire hose, etc. It 
also was blended with wool in quite an effective manner or was spun by itself for 
knitting yams, etc. Those were some of the principal uses before iliis year. We 
have since put in a degummiiig plant which is now in operation. A goodly portion 
of our production is going to he used domestically from now on. We hope that 
more and more of it each year will go into a number of diversified products. So 
far, however, it has largely gone into indu^^trial l>pc‘^ of material such as have 
alread} been mentioned. 

Question: 

Does ramie blend well with other fibers? 

Vnswer: 

ft scemb to blend with other fibers very efifecli\el>. It has certain characteristics 
that arc unique. Particularly in the case of blending with w'ool it not only adds 
to the strength of the finished yam or fabric but also substantially reduces stretch 
and shrinkage for which ail wollen materials are quite well known. We now so 
definitely believe ramie will ho able to find its own place that 1 would not like to 
compare it with other fibers or fabrics because of certain characteristics which it 
has that makes it most unique in a wide field of adaptability. 

Question : 

Are there many different varieties of ramie and in what way do they vary? 
Answer: 

I believe that most of those lype.s mentioned by INlr. Seale weie primarily from 
seedlings, were they not i 

Mr. Se\ll: 

That is correct. Wc have received for stud> tliiu the Division ol Plant Ex¬ 
ploration and Introduction in Washington small lots of true seeds from a to'al of 12 
varieties of ramie from Indonesia (Java) from which many of them were developed. 

Mr. Demp.shv : 

We received cuttings ol three varieties of ramie that came in at about the same 
time. Those were: Poejong, class 1; Djawa Timoer; and Lemhang. Unfortunately 
the first one germinated only very poorly and we lost it. Insofar as the other two 
types are concerned, our ohseivation on the peat soils are that the plants <lo not 
grow as tall as our standard variety and we have not found that they have a fiber 
content that is an>thing to become excited about. However, some of the seedlings 
that Mr. Seale has beim working with certainl> show some promise from a selection 
standpoint. 

Mr. Seu.e: 

In addition to the materials from Indonesia alread> referied to we also have 
received cuttings of 8 or 9 varieties from the Philippines, some from Brazil and 
Mexico and two quite interesting types from Japan, namely Saikeiseishin and 
Kagasei. These latter two, of course, were particularly to assist in our search for 
a variety with a finer denier than that we now have in general culture. 
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Qur.sTiOiN: 

’^hat is the pihiciple problem of mainlendnce in a perennial crop oi this natuie 
in its handling from year to \ear'' 

Mr. Dempsey: 

The growth oi the ciop dpHnilel> decline'^ ihe planting glow^ uldei. How¬ 
ever, we have only observed seven complete veais ol giovvlh on peal soils. Generalh 
speaking, alter the third veap, there is a decline in heiglit ol the plant. The loot*- 
become moie matted, tlie old plants die oft and new ones came along. The stalks 
also are geneiall> smaller in diameter. Surpiisingl) (‘nough, however, after the 
third >ear, it seems that the stems become easier to decorticate and consequently 
the fiber recovery is greater. Unfortunately, liowevei, the plants of these older 
Stands seem to have less vitality, consequently if you have a cold winter, like we had 
last year, there is a tendency towards the production of an inferior first cutting due 
to losses from the cold and the time required to ree«tablieh the stand. 

Questiois : 

Have you tried to rejuvenate an old field? 

Mr. Dempsey: 

We studied seveial methods on a small scale before we decided to ti> a re- 
liahilitation job on 300 acres. That planting was six years of age and was done 
last fall. It consisted first of turning the soil fairly deep with a plow, disking, and 
then leveling. Unfortunately that was done late in the year and we had a number 
of frosts at the most inopportune times during the winter that followed. Every time 
the new sprouts would come up they would be knocked down again by the cold. 
Consequently, we had a very poor first crop. However, the second cutting was 
quite comparable to a new planting, that is, when you have large, tall stalks that 
are harder to decorticate and somewhat low'er in fiber yield. Unfortunately that 
was some of the last of our third harvest this year so it will be too late to harvest 
it a third time. As you can see we don't know loo much about the rehabilitation 
of aging ramie plantings at this time. 

Question: 

Are there anj processors in the United States using your fihei at the present 
time? 

Mr. Dempsey: 

Yes, there are several. Those buying our fibei in any qiiantitv at the present 

lime are using it largely for upholstery and other duiable fabrics of tliis nature. 

This is as blends for the most part, however, because our limited production wouldn’t 
warrant making up too much yardage of cloth from 100 percent ramie. Furthermore, 
we have other markets such as are to be found in the packing industries (as in stem 
tubes on ships) and numerous other novel uses for which we also want to reserve 

some tonnage. Our domestic market wants only degummed fiber. This, of course, 

is quite the opposite of the foreign mills. They apparently want to degum the fiber 
to their own specifications for the type of spinning they use it for. 

Chairman : 

Are there any other questions? ... If not 1 should like to ask that you return 
promptly for the afternoon meeting which is to take up the engineering phases oi 
the fiber v\'Ork beginning promptly at 1:30 o’clock. The meeting is adjourned. 
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SYMPOSIUM: MECHANICAL AND CHEMICAL ENGI¬ 
NEERING PHASES OF FIBER CROP HARVESTING 
AND PROCESSING IN SOUTH FLORIDA 

A PICTORIAL REVIEW OF PROGRESS OF THE 
ENGINEERING PHASES TO DATE 

Mills H. Byrom* 

I think the talk already given and the discussion that followed have 
brought out clearly the part that sansevieria may play in the event of 
another emergency for our armed forces. The other fibers, ramie and 
kenaf, may be equally important. Before we turn to the pictures, I 
ahould like to say a few words about the area that may be affected and 
something of the effect on the economy of our nation and our particular 
community if the full scale fiber production industry which we have 
every right to expect, becomes a reality. 

A number of conferences with people in our defense agencies reveal 
that they are interested in a fiber that might serve for marine cordage 
in place of abaca. The abaca project in Central America has bolstered 
our needs to some extent and the Philippines are continually increasing 
their production, but with all of this, the supply is still far below the 
need for hard fibers. To make the shortage more critical, the British 
have severely curtailed the shipment of sisal to this country. Sisal, 
a cheaper fiber than abaca, meets a definite need in our economy, and 
with reduced supplies, our manufacturers are sorely in need of something 
to take its place. They tell us that sansevieria is an excellent alternate 
for abaca for marine cordage and that it is a superior alternate for sisal. 
There are a number of products for which sansevieria is particularly 
well fitted and it will be used in their manufacture as long as it can be 
obtained in satisfactory quantity and quality. The center core of steel 
cables is one of these. There are perhaps other. Certainly, once produc¬ 
tion is started, the fiber will find a niche all its own as Mr. Dempsey 
was telling us this morning that ramie would do. 

The manufacturers and defense agencies who have been consulted, 
have indicated that they would like to have at least 50 million pounds 
of sansevieria available on the market in the United States right now. 
If 2,000 pounds of dry fiber could be raised on an acre it would take 
25,000 acres of land to meet the requirements. Even though the fiber 
situation has materially improved during the years since the war, the 
improvement has been slow and the situation is still far from satisfactory. 

A similar shortage exists with other fibers. We use somthing like 
180 million pounds of jute annually in the manufacture of carpet yarns, 
linoleum backing, insulation for electric wiring, and many other items. 
Until recently, we have produced no woven goods or bagging from jute in 
this country. We have taken advantage of the 3 cent labor that is avail- 

* Agricultural Engineer (U.S.D.A.) Everglades Experiment Station, Belle Glade. 
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able in the Orient and are using it to produce jute fabrics needed rather 
than to produce them with high priced labor at home. Through the years 
there has been only one jute weaving mill in the United States. It was 
located at the Federal prison at San Quinten, California. During a riot 
at the prison, the mill was burned to the ground, leaving not a single 
plant that can weave burlap or jute bagging of any kind. I understand 
from what Mr. Guthrie said this morning that his company has put in a 
few looms and that olher& are contemplating the installation of weaving 
equipment. 

Some of the largest users of jute in the United Stales ha\e told us 
that regardless of the jute situation in India, they would be glad to use 
up to half of their total fiber requirements in kenaf produced in the 
Western Hemisphere in order to establish an industry in this part of the 
world. We are interested in seeing as much as possible of that industry 
located in South Florida. Eighty to ninety million pounds of kenaf 
produced annually would require 50 to 60 thousand acres of land. Kenaf 
is unlike sansevieria in that it is an annual, grown from seed each year, 
and since its maturity period i& relatively short, 100 days, it can he grown 
over a wide area in the South. Most of the State Experiment Stations 
in the Southern states have tried plantings and find that it growls well. 
We have decorticated samples from several states and find the fiber yield 
and quality to be good. 

The possible needs, present and future, for ramie fiber have been 
brought out clearly this morning. However, I should like to call attention 
to the fact that the potential need might mean a much larger demand for 
fiber than that which can be grown on Everglades soils. 

The establishment of a long vegetable fiber industry in this country 
appears to be confronted with insurmountable problems. The manu¬ 
facturer cannot tool up his facotory and train workers to fabricate a 
certain fiber unless he is assured an uninterrupted supply. Likewise the 
farmer cannot afford to gi’ow it unless he is assured a market at a fair price. 
At times it appears very difficult to overcome these problems of supply 
and demand. 

The picture we have to show you today is not of any one accomplish¬ 
ment of our research, but is rather a history of the development of fiber 
processes as they have taken place in South Florida. A great deal of the 
work on ramie comes from the development of Newport Industries as well 
as from our own research. 

The prebentation of the film with a running discusbioii ol its piincipal leaturefa 
by Mr. Byron followed. Some of the equipment shown in the film, especially the 
binder and ribboners. including the big decorticator, will be found in the photo series 
reviewing the field trip beginning on page 175.—Ed. 
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THE PRESENT NEED FOR A SUITABLE RAMIE AND 
KENAF HARVESTER AND SOME ADVANTAGES 
OF LIMITED FIELD PROCESSING 

Jo^I^ W. Rvnoolpii 

Kaclor.s now influ(‘ncinj» the basl libor mark(.*L incliralc full juslihca- 
tion for the expansion of ramie and kenaf produclion in Soulbern Florida 
and elsewhere^ in tropical and sub-lropical areas where soil and climalic 
conditions are suitable. However, trade practices and accepted standards 
within the textile iiulustry seem to place unusuall} specific requirements 
on any material that is olTered as an alternate to those that have been 
in use for many years. This, of course, has particular reference to anv 
effort at substituting kenaf for jute. 

Much of the history of bast fibers, insofar as harvesting, processing, 
and the development of a commercial package is concerned, has been 
based on hand operations which provided those special skills needed to 
retain the distinctive qualities of these long fibers. The ultimate arrange¬ 
ment of such fibers in the finest textile products has a close correlation 
to the pattern worked out by nature in a bast fiber crop where long, 
undamaged filaments arc arranged in a system of true parallelism. For 
many years some foreign countries have had an abundance of low-cost 
labor which, under the open market conditions that have prevailed, 
virtually has given them a monopoly as producers of this type of fiber. 

Products of low grade and relatively high cost have been a definite 
setback to several recent large scale attempts to use available methods 
of harvesting and processing to build up a new source of supply. This 
statement should not be accepted as final, however, because these condi¬ 
tions of produclion have many ramifications in which each seems to have 
definite opporlunities for significant improvement. 

The present discussion is limited largely to the harvesting operation 
especially to the extent it might find a coordinated place in any large 
scale culture of ramie and kenaf up to the stage of final agricultural 
processing. A r(»view of [lasl liarvesler development, a limited examina¬ 
tion of the applicahb* rtMjuircmeiils of the textile industry, and an an¬ 
alysis of a hast filler crop’s harvesting problems must all he considered 
in the development of suitable methods of liarvesting for any definite sys¬ 
tem of processing that is to follow either in the (ield or in a centralized 
plant to wliich, in the latter event, such a great mass of plant material 
must be transported. 

Present Situation in the Harvesting Operation 

The harvesting of ramie and kenaf in South Florida is now carried 
out with a hybrid John Deere and International hemp binder of war-lime 
vintage. This machine was described in the joint report to the Depart¬ 
ment of Commerce (1948), “Ramie Production in Florida,” as having 
the following service value: 

• Agricultural Engineer, Everglades Experiment Station, Belle GJade. 
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‘"The growing characteristics of ramie present many harvest¬ 
ing problems. The top 12 to 18 inches of plant contain a dense 
growth of large, hairy leaves which are entwined and tangled 
before harvest and become more so as the stalks are cut and carried 
to the t>ing mechanism. This results in a poorly shaped bundle. 

To avoid loss in decortication, the bundles must be uniform!} 
butted and the stalks straight and untangled. Due to a combina¬ 
tion of plant characteristics and limitations of the machine, a 
bundle of this quality is not produced. A variation as great as 18 
inches in the butting of the stalks is found and many are bent and 
folded at the tie. Further deterioration in the condition of the 
bundle takes place each time it is handled in bringing it to the 
decorticator.” 

The same report, if it were to cover the kenaf harvesting operations 
which have entered the field since that time, would have to include an 
even more drastic series of troubles and to credit the equipment with 
still larger fiber losses as reflected in both quality and quantity of the 
final product. Furthermore, if the report were brought up to date in 
this respect it could give no added improvements in this basic harvester 
and would have to indicate that the troubles and costs of repairs are 
actually increasing on this mechanical orphan of World War II. 

However, this old hemp binder, as used in the Everglades for the 
harvesting of these bast fiber crops, is still deserving of much credit be¬ 
cause it has helped the development of two large commercial operations. 
These organizations will give particular credit to their shop and field 
men who have rendered such excellent mechanical services and have 
made many modifications to give the machine strength where needed. 
These men and others have developed many forms of attachments or 
design changes to improve the work of the binder just as much as possible. 
The eflforts at topping and general improvement in the crop bundle, as 
produced, were short lived because of the structural and other limitations 
in the original machine. The bundle carrier designed and built by New¬ 
port Industries, Inc., has particular merit because it does a good job, 
saves much labor, and places no additional load on the binder. This 
implement, with bundle carrier attached and numerous other mechanical 
appliances can be seen in the series of photos covering the field trip 
beginning on page 175. 

Chemical defoliation of the ramie crop before harvesting also has 
many advantages and it is now the accepted practice by Newport Indus¬ 
tries, Inc., after having been greatly reduced in cost and increased in 
effectiveness by many careful trials of rates, materials and timing. 

The Importance of Careful Harvesting and Early Handling of 
Bast Fibers to Insure Favorable Conditions in 
Which They Arrive at the Mill 

Commercial grades for bast fibers include many major considerations 
in preparation and conditioning in determining these placements. This, 
in substance, means that all mechanical operations leading up to the 
final commercial package, the bale, must give the fullest possible con¬ 
sideration to the preservation of maximum parallelism in the fibers as 
produced by nature. Top values are always received for a full-length 
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pioduct which hdb not been subjected to delrimeiilal treatmentb that ha\e 
tended to appreciably tangle or alter it& natural arrangement. 

The need for care and precision in all handling o})erali()ns involving 
the raw fiber is well justihed 1)) an understanding of the prcliiniiiar} 
operations within a spinning mill. It is exceedingly important to under¬ 
stand that any detrimental Ireatmcmts within a series of mechanic'al 
operations that might lend to tangle the (il)er can seldom he corrcelcd 
without increased costs being forced on ihe successive operations. All 
fiber abuses will in some wav modify the final result. Many practical 
considerations prevent the development of a continuous series of closely 
coordinated processing operations between the farm and the fiber indus¬ 
try. Such interruptions lake the form of drying, packing, storing, and 
long distance transportation operations that also can cause disorder and 
increase the spinning mill’s cost. 

The ‘^strick”, also called “hand”, is the true physical unit in the bast 
fiber exchange between the producer and industry. These small units 
of fiber, used in the buildup of the commercial bale, are given values 
on the basis of their quality, preparation, and condition before they were 
placefl in the bale. These values are further modified by the methods 
used in packing the bale and related conditions. 

The spinner desires that each slrick will be representative of the whole 
lot and it should be made up of a fairly uniform quantity of clean, full- 
length fibers, fully parallel, and evenly butted. There are marked price 
penalties for tangled lots with malted, criss-cross snarls, nappy fibrous 
balls, reverse loops, and knots. In fact, a “helter-skelter” arrangement 
of damaged bast fibers may force a “tow’* classification. 

The spinner’s specifications are in pari based on the conditions asso¬ 
ciated with the l)uildup of the sliver. This operation, for full length 
bast fibers, is a slow hand process and it must be carried out with skilled 
labor. The complexity of the sliver buildup is reduced when each strick 
in a bale is so packed as to retain its original identity and natural quality. 
These requirements, translated into action, means that when the strick is 
correctly opened and grasped by the worker, it can be fanned out by a 
swing motion into an open, parallel pattern of fiber alignment so that 
it can be deposited on the “spread board” as required in the completed 
action obtained with one gras])ing. 

The real art of the sliver buildup is in the maintenance of an exact 
pattern in adding strick after strick, with the butts in one direction, 
working out a continuous series of overlaps to anticipate the required 
density and uniformity of the forthcoming sliver. The spread-board, 
when loaded with a sliver, serves as the feeder to the first mechanical 
unit in a spinning mill. 

Some mills are quite tolerant as to the amount of plant waste that 
may be contained in bast fibers. However, they make a major distinction 
between “free”, “embedded”, and “firmly attached” wastes. Fibers that 
have been so processed as to retain much of their natural parallelism 
and are undamaged otherwise will normally give up “free” waste products 
in the first operations of a spinning mill. “Imbedded” and “firmly at¬ 
tached” wastes combined with broken and damaged fibers are bound to 
cause large mill losses. 

The somewhat pessimistic facts that have been cited on the primary 
mechanical processing of bast fiber crops should not be considered dis- 
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couraging, because they involve relativel)' recent agricultural introduc¬ 
tions of suitable varieties of ramie and kenaf. Instead, one should con¬ 
sider the time and the associated costs required to develop such a com¬ 
plicated machine as an effective cotton picker and many other highly 
specialized harvesting and processing machines for crops that have been 
grown on vast acreages in this country from the very start of its coloniza¬ 
tion. 

Stapled Bast Fibers 

The ideal requirements essential to the proper farm handling of bast 
fibers have been minimized by the advocates for stapled ramie fibers 
which can be used in many textile mills. However, this raw fiber market 
has it’s specific requirements that favor exact uniformity in length of 
staple without other forms of deterioration. Hence, up to the point of 
cutting the fibers, all preliminary operations represent no real chance 
for a compromise in the optimum requirements of harvesting and field 
processing. 

\S"eight Distribution of Kenaf Crop Among the Component Parts of 
THE Plant with Application to Problems of Harvesting 

Gangstad, Seale, Pate, and Joyner in their report on ‘‘The Culture of 
Kenaf in South Florida'’ which appears in this Proceedings, gave pro¬ 
duction data for three rates of seeing (Table 2 ). The average of the 
three green weight yields reported by these authors has been given a 
graphic disti’ibution analysis by the use of their sectionalized plant data 
(Table 4) and other information. Figure 1 shows a graphic weight 
distribution of leaves and stalks for plants of three different sizes. This 
height-weight analysis has much significance in connection with methods 
of harvesting and field ribboning or decortication in which numbers of 
stalks or size of bundles is used to regulate the operations. As an applica¬ 
tion of same, let us assume that an in-line field ribboner can handle 4 
stalks per unit feeding for the to *^4 inch butt diameter group, 7 
stalks of the ^4 to V 2 group, and 14 stall^ ranging from % to V 4 inch. 
Each group will give approximately full coverage over the face of an 
18 inch drum. Also let us assume that the feeding and fiber recovery 
operations (number of men required not part of this report) could be 
maintained at 20 per minute, the machine’s working capacity in terms 
of pounds of dry fiber per hour is given in Table 1 . 

TABLE 1.— I>FLtiE%CE OF Size of Kenaf Stems on Rate of Uibbomng with 
Hand Fed Machine 

Range in Stalk Butt Diameter (In.j. 10 'h lo V 2 ^i» to 

Dr\ Fiber per Hour (Lbs.) . 175 116 


Considering the average acre yield as a unit and taking into account 
feeding adjustments whereby the above assumed rates can be duplicated, 
it would require 18.9 machine hours to process the fiber from the given 
acre and the rate of fiber production would be 124 pounds per hour. 
In actual practice, the overall result might favor discarding the very 
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smallest canes because the conditions under which they have grown ha\e 
made the canes soft and tough and clean ribbons cannot be produced 
from them. 

The data shown in Figure 1 has been shifted to a central a\is in 
Figure 2, where the outside outline represents the total makeup of the 
entire crop on the average acre of kenaf cited above. Attention is called 
to the fact that the center of gravit)^ of this average crop occurs at 40.97 
inches above the base or at about the mid-section elevation. This is im¬ 
portant insofar as the action of a reel on a har\ester-binder is concrened. 
In contrast, consider that of a small grain crop where the w'eight balance 
is relatively high at crop maturity when a heavy grain head is supported 
on a light dry straw\ 
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Figure 1 (left). Veitical distribution ol green weight in d kenaf ciop, leaves 
and stalks (53,853 lbs. per A.) shown in three stalk sizes ranged as follows: A, % in. 
to in.; B. % in. to % in., and C, % in. to ^ in. (Average of 3 rates of seeding 
on Everglades peat soil, 1950, as taken from the original data of Gangstad, Seale. 
Pate and Joyner, this Volume, page 134. 

Figure 2 (right). The vertical distribution of the same kenat yield values 
displayed in Figure 1 l)ut shown as total leaf and stalk wei^ts and as green ribbon 
and dry (retied) fiber jields with the center of gravity indicated for the total crop 
weight (undefolialed)—a value of considerable importance in the harvesting operation. 

The reel of a harvester is intended to give the top of each harvested 
plant a quick backward movement with such timing of action as to force 
a ‘■‘free-fall” condition with the hope that all plants will arrive on the 
platform conveyor in a like pattern. During the harvesting of a matured 
grain crop, it is a minor problem to adjust a harvester-binder’s parts to 
give a parallel pattern of moving stems or straws that are assembled into 
a perfectly tied bundle in which all butts are in line. In the instance of 
kenaf, however, the heavy leaf growth, as well as the frequent tangling 
of the stems, prevents the development of independent, “free-fall” rela¬ 
tionships. Instead, many stalks will slide dowm over the cutter bar and, 
by a series of recuts, be greatly reduced in length and, more often than 
not, initiate “plugging” at that point. The necessity for exaggerating the 







action of the reel in an effort to tear apart the tops of plants, combined 
with other factors, results in the kenaf canes coming to rest on the plat¬ 
form conve}or in a highly tangled condition. 

The total crop, as shown in Figures 1 and 2, under most farm condi¬ 
tions, would represent many difficult problems in handling considering 
only the factors of ^veighl and length of stalks. This, from the standpoint 
of tiansportation, regardless of the hai\esting procedure, does not fit 
existing equipment in questions of loading and unloading in ways that 
will protect the stalks against added tangling and breakage. Fiber crop 
producers are particularly concerned, therefore, with the development 
of ways to reduce the heav^ tonnage of waste material removed from 
fields when the central processing plant is used. 

The location of a kenaf crop’s waste is indicated in Figure 2. The 
ideal crop harvester would be one that would continue the machine pro¬ 
cessing action to at least a ribbon stage, so that the minimum amount of 
waste material w ill be removed from the field. A less complex harvester 
might include a lopping and a side disposal attachment. Starting at 
the extreme top of Figue 2, it is evident that different degrees of topping 
will have only slow’ increases in the amounts of fiber losses. Table 2, 
gives the weight of the topped materials that would be removed at different 
levels. 


TABLE 2 .—Fiber Los&es in Kcjs\f as l\j?LiLNcr.D Height of Toimmng, Bvsld oa 
Average Yield Dvta Reporied b\ Gingstvd, Seale, Pvtl, and Jo'iNEu. 
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.2 
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1 4.0 i 

1 .17 
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11.517 1 
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1 90.4 
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The abo^e data shows that a twenty-four inch topping would cause 
d loss of 4 pounds of dry fibers with a field disposal of 7,165 pounds of 
green material from the tops alone. This 13 percent saving in transporta¬ 
tion is significant. The outstanding advantage from the mechanical stand¬ 
point is that the harvested material in reduced length is much more 
convenient to handle with exisiting equipment. One large decorticator 
in the Belle Glade area can only process stalks under 84 inches in length. 
The data also show^s topping back 48 inches, or to 81 inches above a 
ground line cutting, gives a field disposal of 12,156 pounds of leaves 
and 2,391 pounds of green stalks which would represent a loss of 90.4 
pounds of fiber per acre. This topping operation as an early part of a 
harvesting operation in the given example w^ould reduce the maximum 
length of material 37 percent and tonnage of raw material delivered 
27 percent. 
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The crop losses as influenced by the height oC stubble after hai\estiiig 
aie shown in Table 3. It quite e\i(lenL that llie cro]» should ])e cut 
low as possible. 


T\BLE 3. KL^Ar Fiuik Lossls \s iM-’urLisccu 1 Ii:ioht oi SinuBia li\sLD on 
AvLKAtri: Yiixd Data Hlpoutld by Gatngsiad, Scale, Pati. \^D Jo'^mr. 


■ ■ 1 
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4 
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2 
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I 1 
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92.5 1 
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Similar data on the weight distribution relationships in the ramie 
crop are not available. There is little question that its accessibility would 
help very materially in analyzing some of the harvesting and processing 
problems associated with this crop, just as in the case of kenaf, even 
though they may not be nearly as serious in some respects. 

Wind Damage 

The two fiber crops under discussion develop a dense canopy of leaves 
on the tender tip of their stalks. Hard rains and variable degrees of wind 
will cause a few stalks to break over. These, by cross lodging actions, 
may entwine and tangle the entire crop in a most discouraging manner. 
Excessive winds and winds in a close cycle rotation forces even greater 
disorder in such crops. The degree changes in the disorderly condition 
of the plants in the field will cause ever-increasing operational troubles 
with the conventional harvester-binder up to the point that the crop has 
to be abandoned. In many cases the majority of stalks within the zone 
of maximum fiber production are not damaged. 

Requirements of a Bast Crop Harvester 

The service requirements for a bast crop harvester would end with 
an orderly delivery of clean undamaged canes in such patterns of as¬ 
sembly that they can be transferred with maximum economy and eflScienc} 
to subsequent processing operations. The qualification “clean” means 
the removal in the field of reasonable quantities of waste materials con¬ 
sisting of leaves and such parts of the tops as have been damaged by 
the wind or are in excess of the capacity, as to length, of a decorticator 
or other machine operations to follow. The requirement “undamaged” 
canes is most critical to a processing system that uses an automatic grip- 
conveyor to pick up and to directly transfer the raw material through a 
series of machine operations. 

It has been made evident that the harvester-binder’s first operation, 
the reel’s application of force to the tops of a bast fiber crop, fails to 
produce an orderly movement and assembly of canes. Attention is also 
called to the fact that a dividing point and a continuous sliding surface 
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fails to obtain exact swath division and to aid an orderly deliver) of 
cut canes to the platform conveyor. Snarls of rope-like masses that can 
occur in different zones of a growing bast fiber crop really hold the key 
lo the specifications of the much needed harvester. 

The initial harvesting operations must be positive and at a relativeh 
slow speed in the first transitions, which, as further qualifications, must 
be in exact agreement with the ground travel of the entire unit. The first 
objective is to have each stalk well supported throughout its length before 
actual cutting and the starting of the accelerated movements to the point 
of discharge from the harvester. In case growth conditions or other 
factors cause stalks to interlock over the line of swath division thereby 
preventing the positively gripped canes from assuming the machine 
formed pattern of movement, diere should be a supplemental mechanism 
that, at the proper point and time, would sever any plant part that might 
tend to prevent the desired action. Subsequently, as the crop is moving 
through the harvester in a confined pattern, there should be added de¬ 
vices to remove the lops at anv level desired and to throw out other un¬ 
desirable waste materials. 

The ultimate design of a really effective harvester for bast fiber crops 
cannot now be very fully predicted from known facts. It would appear, 
however, that the corn binder may contain some features of a good basic 
design for this purpose. Many recent applications of vertical harvesting, 
as used in Louisiana sugar cane harvesters, also might be subject to 
further modifications for use in handling ramie and kenaf. The logical 
summarv to this discussion is that the creation of a fully satisfactor} 
harvester for bast-fibered crops represents a problem that should well 
justif} an extensive program of research and development. Certainly 
it is one that must be solved to at least a reasonable degree before there 
<*an be anv very considerable expansion of the soft fiber industry in Florida. 
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PRESENT DEVELOPMENTS IN RIBBONING AND 
DECORTICATION OF BOTH STEMS AND RIB¬ 
BONS OF SOFT FIBER PLANTS 

H. D. Whitteimore and Mills H. Byrom ' 

We ha\e never given up the idea of combining fibers in much the 
same way we do grain. The field ribboner is a step in that direction. 
There have been several private concerns and individuals who have tried 
machines developed to operate in this way. Thus far, none of these 
have been accepted as satisfactory. However, there is still hope that 
eventually the fiber may be taken from the field in a finished form and 
the rest of the plant material left on the ground where it belongs.^ 

It is desired to emphasize the fact that the ‘‘Raspador” decorticator, 
which is universally condemned for its low efiBciency and wastefulness, 
is the only machine that hab been able to produce fiber economically in 
this country. This t}pe machine wnll handle ribbons of either ramie or 
kenaf as well as the stalks of either. The I'amie ribbons work a little 
better in tlie machine because of the stronger fiber in them. 

Mention also should be made of the almost unending stream of ne^\ 
inventions and methods that are coming along. There are more than 
2,000 patents on file in the United States Patent Office, most of which 
claim to be the last word in decorticating ramie or any other long vege¬ 
table fiber. In spite of this large number of machines, there is still need 
for more effective methods of decortication. 

We at the Everglades Experiment Station have had the opportunity 
of examining and trying out a great many of these machines, and find 
that many of them show some promise. It is evident that more improve¬ 
ments will come in all forms of processing machinery as soon as pro¬ 
duction of the different fibers can be placed on a commercial basis. 

If a long \egetable fiber industry is to be established in the United 
States, we need the type of cooperation from the manufacturer that Mr. 
Guthrie has shown this morning. Some of the problems that do not seem 
to have a solution will be simple if the producer and the spinner can 
get together. Changes that are not too great may be made in the spinning 
machiner} which will enable the grower to produce a fiber that will bring 
a profit to him as well as to the manufacturer. It is generally conceded 
that retting of fiber in this country as is done in the Orient can never 
be accomplished at a profit to the producer. There is the possibility of 
mechanizing the handling of w^ater retting processes as well as chemical 
processes which may produce a fiber of equal quality to water retted 
material. Either of these processes may be developed to the extent Jiat 
they will be feasible. 

Associate Agricultuial Engineer and Agricultural Engineer, respectbely, Ever¬ 
glades Experiment Station, U.S.D.A., Belle Glade. 

^Most of the conditions and equipment referred to in this discussion will be 
found quite well illustrated in the photo series covering the field trip beginning on 
page 175.~Ed. 
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In 1944, we decoriticaled kenaf on llie ra&paclor decorlicaloi and bent 
samples to a number of spinners. The fiber wab well cleaned and looked 
very good for mechanically decorticated material. The response from 
the American Manufacturing Company in Brooklyn was typical of the 
others. Their comment was: ‘"we have always spun relied fiber, and 
while there is a shortage at present, we can still gel enough to meet oui 
needs. As long as we can, we will continue to use that type of fibei. 
As to mechanically decorticated fiber, we can make an excellent product 
from it, but due to the tooling of our mill and the exi^erience of our 
operators, we prefer the retted material. The mechanically decorticated 
fiber contains a certain amount of gums and adhering bark and shives 
w’hich make it harsh and difficult to work It is also hard on machinery 
designed for the softer, retted fiber. For these reasons we will continue 
to use the retted fiber exclusively as long as it can be obtained.” 

Most of the spinners seem to object to mechanically decorticated 
material because of the harsh fibers which are stuck together by gums 
and strips of bark which are apt to bend or rip the pins out of the card¬ 
ing roll, necessitating a repair job that is expensive and complicated and 
could possibly stop production of an entire line for several days. 

We hope that on the trip tomorrow you will be able to see the ribbon¬ 
ing machine at work which was shown in the film. The original model is 
in the Fiber Laboratory at the Experiment Station. In the fields of the 
American Kenaf Corporation, however, you will see one or more of these 
machines (they have built three of them) that have been mounted on 
airplane type wheels, being pulled through the fields following the har¬ 
vesting and binding of the crop and operating in that manner. 

This machine is designed to produce what we call a ribbon. A ribbon, 
in the soft fiber business, is that outer part of a stalk that is retained 
after the woody interior and the leaves have been removed. It may or 
may not be whole. Usually it is at least partly broken apart along the 
line of fiber. 

The present machine is a development in the Fiber Laboratory at 
Belle Glade from what was referred to in the movie as a burnishing 
machine. This latter machine is a single-drum, hand-fed type. In the 
original burnishing unit the fiber was fed in thru an opening over the 
top of the drum, pulled out and then turned around and the other end 
put through and cleaned in the same way. The ribboning machine has 
two of these drums and uses a continuous series of cast metal pads 
mounted on chains wuth spring pressure on them to carry the stalks along, 
first through one drum which does half of the operation. The grip is 
then transferred to a second, identical, off-set chain which grips the 
ribbons produced by the first drum and the partially ribboned stalks are 
then carried thru a second drum which finishes the job. It may sound 
a bit complicated when described in this way to people who are not used 
to some of the machines we work with, but we hope to have you see 
them tomorrow. 

The stationary machine is also useful for other things, primarily for 
cleaning and straightening dried fiber, the so-called burnishing operation. 
However, this would be an in-line operation in which you could put the 
full-length fiber on the feed table perpendicular to it just as in the case 
of the green stems and take it off in burnished form at the other end. 
It also could be used in connection with an in-line washing machine for 
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letted liber whether the retting vva^ dccomplibhed b) natural or chemical 
means. 

As noted before, the machines used In the American Kenaf Coi- 
poration are mounted on large-tired wheels and pulled through the field 
where the bundles are picked up from the ground and spread on a feed 
table. This operation, of course, follows the binder. It has been pointed 
out several limes that these binders do not make a particularly good 
bundle. However, the machine that is being developed by Mi. Henriquez 
has the potentialities of making a nice, clean bundle. If our ribboning 
machine were to be fed with such bundles, 1 am sure it would w^ork much 
more efficiently. 

The original intention was to mount the ribboning machine as an 
attachment on a standard binder of some type which can be drawn through 
the field. This would cut the crop and feed it directly through the unit. 
The ribbons would come out the other end and probably thru a double¬ 
tie bundling device which should give a bundle that could be carried 
directly to whatever further processing intended for it. The chief ad¬ 
vantage of a field machine of this type would be that it leaves most of 
the crop waste in the field thus greatly reducing the volume that it would 
be necessary to transport to and through a processing plant. This, of 
course, would greatly simplify the waste disposal ])rohlein that is ever 
present where decortication is at a central plant. 

After the ribbons are produced there are several methods of process¬ 
ing them. They can be mechanically decorticated as the American Kenaf 
Corporation is doing at the present lime or they can be cleaned either 
by natural retting or by chemical means. How’ever, we are inclined to 
agree with the general thinking that natural retting is too slow and 
expensive. 

Chemical treatment for decorticated ribbons has distinct possibilities. 
Mechanical handling during this process will, of course, be almost essen- 
tion. As a matter of fact we have gotten quite good results in processing 
decorticated kenaf fiber by merely boiling in water for a time. The 
addition of chemicals would naturally cut down on the lime but it also 
would increase the cost somewhat. In the case of processing ribbons 
it would be necessary for us to make more studies of solutions of several 
chemicals, detergents or soaps. Under almost any conditions of treat¬ 
ment mechanical action on the fiber seems to be necessary. 
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THE PROCESSING AND TESTING OF BAST FIBERS 
FOLLOWING DECORTICATION 

T. C. Erwin^^ 


Following the ribboning or decortication of basl-llbered plants such 
as ramie or kenaf the ribbons must be deguminecl and cleaned either by 
chemical means or by natural retting by way of releasing and preparing 
the contained fiber for spinning. Most of the earlier work that has been 
done in this field has been discussed in ouile a detailed way in a report 
to the Department of Commerce <1948)^ from which the covering &nm- 
mary is quoted as follows: 

RESEARCH ON DEGUi\[MING METHODS 

A. General Principles Involved. The most significant factoiv involved in de- 
gumming ramie fibers apparently are concentration of caustic, temperature, time and 
degree of agitation. Possibly the most significant single observation made in all the 
degumming research is the fact that the degumming solution must be effectively 
changed in the center of a mass of ramie fiber in order to insure that the gums are 
rendered uniformly soluble. 

The gum content of commercial undegummed fiber (decorticated) has been 
found to vary from 15 to 35 percent, averaging about 25 percent, and consumes 
(based on average gum content of 25 percent) from 5 percent to 6 percent of its 
weight of commercial sodium hydroxide in the degumming procedure. 

8. Pressure Degumming. Pressure degumming, consuming chemicals at the 
usual rate, ha«4 been found to giv’e a very good product if care is taken during washing 
and rinsing, following the degumming cook, to prevent excessive tangling. 

G. Open Vat Degumming. This method of degumming has several advantages 
over pressure degumming, including lighter and less expensive equipment. 

D. Counter-Flow and In-Line Degumming. A counter-flow technique is in process 
of development using large tanks and a centrifuge and has been tested extensively with 
equipment available in the laboratory. It is believed that eventually the commercially 
acceptable method of degumming will be based on a system of this type, a continuous 
f>perating, counter-flow method. A pilot plant model of this system has been con- 
hlriicted in cooperation with workers in the engineering phase of the report and is 
undergoing preliminary trials as this report is being written at the close of the project. 

E. Souring and Rinsing. Experiments have shown that an alkali neutralizing 
(acidulating) technique can reduce the rinsing lime by more than half. Acetic acid 
has been used extensively for this purpose as no delerioralion has been noted in the 
fiber as a result of contact with even quite higlily concentrated .colutions or of drying 
in the fiber, should this occur. 

F. Bleaching. Ordinarily, this operation probably would be completed after 
spinning and weaving into fabric, but a number of experiments were conducted to 
determine the effects of bleaching on degummed fiber. It has been found that de- 
gummed fiber can be bleached in a chlorine solution to an acceptable degree of 
whiteness in less than 15 minutes without any apparent damage to the fiber. 

G. Softening. Experiments have been conducted with a large number of textile 
softeners from which a variety of finishes have been obtained. These softeners 

* Assistant Chemist, Everglades Experiment Station, Belle Glade. 

^ Ramie Production in Florida., A Progress Report prepared for the United States 
Dep^ment of Commerce by the United Slates Department of Agriculture and the 
Florida Experiment Station at the close of Contract No. Cac-47-6 between the Depart¬ 
ment of Commerce and The Board of Control of State Institutions (1948). 
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included soluble oils, caLionics and sullonated taIlo^^. Glicinical softening is e^^eiilial 
l)efore the fiber can be ciunbed or carded. 

H. Reducing Agents, it has })eeii found necessaiv, especiall> in open vat d(- 
gumming, to use a reducing agent to prevent damage b> sodium li>dro\ide used in 
degumming. A.I this time, sodium sulfite and sodium sulfide are considen'd salis- 
lactory chemicals for this purp(»se. 

I. Other Degumming Chemicals and Methods. Patent literature and other 
literature on degumming were e3Lplor(‘d extensively and most of the more pnmising 
methods were duplicated as closely as laboraloiv methods would permit. Nunierou« 
chemicals were tested and attemi»ts were made to degum ramie fiber by bacteriological 
action. A number of the chemicals gave tpiite satisfactory results if the process is 
carefully controlled. Some of tliem would be too expensive under practical condi¬ 
tions of operation. Degumming of ramie by renting has given uniformly poor results. 

J. Detergents, \arious commercial wetting agents and detergents w'ere tested 
in the degumming baths and in the washing and rinsing steps. Sodium tripoly¬ 
phosphate has proven quite a satisfactory chemical in both the degumming cooks 
and in the washing and rinsing baths. 

K. Chemical Degumming of Whole, Pre-Stapled Stalks. Degumming whole, 
pre-stapled stalks would give the advantage of an accurate staple length, an im¬ 
portant consideration in spinning on the cotton system. One of the unsolved problems 
connected with this type of degumming is the separation of the wood and the fiber 
after degumming. Separation was attempted by a number of concerns who manu¬ 
facture fiber cleaning machinery, but without satisfactory results in any instance. 

L. Degumming Fresh, Undried Ribbon. Tensile strength has been noted to be 
somewhat less for fiber degummed in a fresh, wet condition without prior drying. 
Souring before degumming has been observed to assist in the matter of strength 
values of the final product when degummed in this way. If this procedure can be 
considered practical, one drying would be eliminated and it would make possible a 
complete in-line operation for a centrally located ramie decorticating plant. 

In a similar manner the methods used in testing and in studying factors 
affecting the quality of fiber from several standpoints were discussed 
in the above referred to report from which the summary also is quoted 
for the quick picture it gives of this phase of the work as a whole; . 

FIBER TECHNOLOGICSTUDIES (TESTING) 

A. Facilities. A fiber testing laboratory, equipped with an air conditioning unit 
to maintain a temperature of 70° F. and a relative humidity of 65 percent, has been 
established and equipped with a Scott Tester Model, DH, a Scott Tester IP4, a 
flex testing machine and a wear testing machine, with which it is possible to make 
the following standard tests: tensile .str<*ngth, sheer strength, elongation or stretch, 
flex and wear. Other e([uipnient is available for preparing test samples and studying 
their weight and density. 

B. Summary of Tests Made. To date, appioximately 550 samples” have been 
tested in this laboralor>, including many from private indu.“itry and several large 
'Series from variou.s phases of the resear<*h programs in this project. Normal ramie 
fih(T will lest, on the average, about 60.000 pounds per square inch on a half inch 
break made according to tlic standard puicedure for cordage fibers. 

C. Quality of the Fiber as Affected by: (a) Maturity of the Stalk. Samples oi 
fiber from the age studies have been tested to determine the fiber quality as affected 
by the days of growth of the ramie stalks. It has been found that the tensile strength 
increases rapidly during what is considered the normal maturity period (60 to 70 
days) and continues to increase up to about 100 days; also, that flex life decreases 
rapidly to the maturity point and then levels off. It would appear that most of the 
variation noted in tensile strength may he due to the slate of maturity of the fiber. 
Microscopic studies of fiber from immature and mature stalks show the young fibers 
as thin, flat ribbons with large, collapsed lumens while the more mature fibers show 
a thickening of the fiber w^all and a more cylindrical shape. 

” To date of this meeting the number of samples tested had mounted to nearly 3,000. 
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<})> I ariet^. Fiber samples iiom the \ariet> s’^udies have been tested ioj 
ph>sical properties and examined microscopicalh. Certain vaiiations in tensile 
stren^jtli have not been considered significant but more probabl> an indication ol 
the degiee of mdtuiit> of the variety at the time of harvest. Microscopic variations 
also are belie>c(l to express differences in maturity, inasmuch as similar difference'' 
wete noted in the age stiidie*-. 

<c) FertiJity ot the Soil, Fiber studies also were made to deteimin<‘ physical 
properties and microscopic characlciistics oi samples of fiber taken fiom different 
treatments of the fertilizer trials. The differences noted in the laboratory weie not 
considered signifi<‘ant. For this reason, it is believed that growth differences noted 
in the field will give a moie definite indication of fertilizer requiiements. 

(d) Manner of Decortication, Comparative tests have been made using fibei 
from various methods ol mechanical decortication to determine to what extent the 
fiber strength has been affected. It appears that, within reason, the harsher the 
mechanical treatment, the less fiber is recovered, but that this fiber is of the greater 
tensile strength due to the loss of weak fibers in decortication. 

(e) Storage and Age of the Fiber. It has been demonstrated that there is a 
rather definite increase in the tensile strength of ramie fiber due to drying and 
aging before degumming when this operation is accomplished by one of the method^ 
now in use at tliis laboratoiy. However, there are hazards in drying and storing, 
such as mildew’, which must be considered. 

ff) Method of Degumming. Good degumming results have been obtained with 
lamie fiber using both pressure and open vat methods. The results from a large* 
luimber of tests made in this laboratory indicate that there is no apparent damage 
to ramie fiber from steam pressures up to 80 pounds per square inch and no obvious 
damage from sodium hydroxide solutions in concentrations up to 5 percent when 
used in conjunction with a reducing agent. 

D. Properties of Ramie Fihei: la) Diffefential Dye 7'es/5 and Uniformity 0 } 
Samples. A differential dye test, developed by the Southern Regional Research Labor- 
lor>’ of the L'. S. Department of Agriculture to determine the maturity of cotton, has 
been applied to '-everal samples of ramie fiber with excellent results. Microscopic 
examination also showed a good degree of correlation when made of samples taken 
from the age test studie'*, between cell form and uptake ol dye in relation to maturity. 

(b) Microscopic Studies. Microscopic studies indicate that standard commer¬ 
cial ramie v\ill have a cross section somewhat similar to cotton in shape, but it W'ill 
be more regular and larger, averaging approximately 8 denier or 50 micron'' in 
diameter. The length ol the individual cells varies from 1 to 20 inches, averaging 
between 5 and 8 inches. 

E. Test Methods: la) Standard Degumming Method fot Test Samples. A 
‘•tandard procedure for degumming samples of ramie fiber to test comparativeh in 
the fiber test laboratory and lor the age test series has been outlined. This method 
uses a pressure cook at 40 pounds per sttuare inch in 5 percent sodium hydroxide 
•solution (based on dr\ fibei weight) 1 to 1 fiber-water ratio, followed by soap cook 
and acid sour. 

lb) Fiber Test Methods. For testing ramie on the long fibei leMing equipment, 
it was nccessdiy to make a crude yam This yarn, or bundle, was cut to a standard 
length and weight, attached to cardboard tabs, and allowed to condition at least 
24 hours in the lest laboratoiy under standard conditions of temperaluie and 
humidity. Complete test^ include the following: tw^enl> half inch breaks, twent> 
three inch breaks, six flex and twenty-four vsear samples. It is impractical to test 
stapled material shorter than two inches, and onlj tensile strength determinations 
for inch and 0 inch can be made. Manufactured yams wore tested on the TP-1 
machine, which determineJ three-inch tensile strength. 

It is reaclil} understood that the work in the degumming and testing 
fields must be developed in very close cooperation with that in agronomy 
and engineering because of the many determining factors and influences 
that are to be found in both of them. 

For the purposes of the present review it might be well to discuss a 
little further three points in particular concerning this phase of the 
work, namely: 
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1. Some of the things ^ve ha\e learned from the lesling progiani. 

2. Some of the principles involved in deguinming, and 

3. Some of ihe problems it is necessary to o\ercome in making the 
fiber ready for the spinner. 

Naturally, most attention will be given to ramie as tliat is the fiber 
with which most work has been done up to the present lime and about 
\\hich we have learned most as a result of the processing and Lesling 
program to date. Such a program is not onl} one of finding facts foi 
their own sake but also for use in establishing a sound basis for the 
consideration of this fiber as a commodity of commerce relieved as com¬ 
pletely as possible from the imaginative qualities that ha\e been con¬ 
ferred upon it by promoters of various qualifications and intent through 
the years. 

In setting up the testing work we started out with a system which is 
more or less standard for ““hard” fibers. Therefore, since ramie is a 
""soft’’ or bast fiber rather than a hard, or leaf fiber, the testing procedures 
are not too well adapted. We have made some modifications and are 
coming to feel that we aj e learning from these methods what steps should 
be taken to set up a l)eller system for ramie. In this \vd\ it is hoped lhal 
t\hen the time comes and the culture of ramie has become sufificienlly 
extensive there will have been developed a standard system of testing 
that is much more applicable than at the present, and one that ma\ be 
adopted the world o\er. 

One of the first adverse criticisms we have heard about lamie is ihat 
it has no flex. On this account it has been reported to be no good in 
certain uses and just doesn’t hold up. In other words, if a fabric is 
creased repeatedly at the same point, as in pressing clothing, it will 
break at the crease, and all lhal sort of thing. In consequence of such 
rumors we decided to investigate this characteristic of the fiber. The 
first thing we found out was if you take a section of undegummed ramie 
fiber, it has practically no flex at all—that it is actually quite brittle. 
As a matter of fact, you can’t e\en get a good tensile strength test on 
fibers in such condition unless you go to the individual fiber because you 
can’t load a bunch of such fibers evenly enough when the gums are still 
set in and around them to give a uniform tension on all fibers of such a 
group. Consequently, when you try to break them under such conditions 
\ou break them more or less one at a time and your test value shows 
up accordingly. We sooji learned, howe\er, that if the libers were properly 
cleaned and degummed the flex increased very greatly, especially after 
proper softening. Be lhal as it may. we are still not prepared to say lhal 
flex is one of its outstanding properties especially when compared to 
nylon and some of the other synthetics. 

We also learned lhal ramie has quite a variation in flex as among 
the different samples that were tested and we decided to try to find out 
why. This question of variability seemed to be satisfactorily answered 
when we got into the study of microscopic cross sections of the different 
samples. 

Thus by studying how the ramie fiber develops it was found tliat the 
outside diameter is established quite early. According to the manner of 
growth the yoimg fiber continues to be quite flat for some time and with 
a central opening that also is flattish in shape in contrast to the more 
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nearls louncl opening ol the more mature (ibers. BrieHy staled, the 
flattisli, immature fibers that are so apparent in the photomicrograph ol 
a (*ross-section of the stem of a ramie plant are high in (lex but low in 
len-ile strength. The tensile strength of the fibei is therefore known to 
increase uith the changing form and the inalurily of the plani whereas 
the flex decreases. 

Inasmuch as the position of the fiber in the i!Kli\idual stem relates 
quite closely to its maturity and foim it is readily understandable that 
we never har\est the crop with all the fiber in the ])lanl at full maturity 
or with even a reasonably high flex. Those fibers at the base of the plant 
are most mature, those in the mid-section intermediate in this respect 
and those near the lop the most immature. Consequently there is an 
inverse gradient running up and down the plant from base to tip, and 
\ice versa, as to tensile strength of the fibers on tlie one hand and their 
ability to take flex, on the other. In consequence of these conditions and 
the present manner of harvesting and processing the crop, it is readily 
seen that the general, commercial type of fiber usually will have more 
or less average or intermediate \alues with respect to both of these 
qualities. 

Since the position in the stalk has a great deal to do with whether 
you have one type of fiber or the other with respect to qualities of 
strength and flex and even fineness, that is one of the things which we 
may be able to lake into consideration in future har\e3ting and process¬ 
ing operations in relation to grades. Of course the manner in which we 
are going to separate it and the details of such an effort will depend 
largely on what the limitations and requirements of the spinner are going 
to be. On account of these fiber quality variations within the plant there 
has been quite a lot of discussion as to whether we should separate it 
into top, middle and butt fibers. While this has not yet been undertaken 
in any practical way, it is possible that much greater uniformity could 
be achieved by such a procedure in the ultimate characteristics of the 
fibers and consequently a much closer and more satisfactory system of 
grade set up. As a first consideration, since the tops of the stalks have 
much less fiber in them and the fiber is of a considerably different quality 
than that of the rest of the plant, it might be a good idea to top the plants 
somewhat lower than might otherwise be considered practical. 

Another characteristic of ramie fiber that we have been hearing a 
great deal about is the almost complete absence of stretch. In other words 
it is not an elastic fiber as it is susceptible neither to stretching or shrink¬ 
ing. On this account it is coming to find quite an important place in 
blends, specially with such a fiber as wool which is all but famous for 
both stretch and shrink. It is said that as little as 25 percent of ramie 
incorporated with wool will go far in stabilizing a fabric made from such 
a blending of fibers. 

One of ramie’s most conspicuous shortcomings is the almost complete 
absence in it, under natural conditions, of spirality or twist that is so 
important in causing fibers to cling together and give maximum strength 
in yarns made from fibers of more or less minimum length. It is on this 
account in particular that added emphasis is being given to using this 
fiber in as great length as a particular system will permit since strength 
is thus obtained thru length. The same idea holds in the use of the finer 

161 



iil>crb in ihe b|)inninf> of liner diid finei }aiiLs lui the \vea\ini> oi die 
dieerebl: posbible fabrieb. 

In the deguinmin^ of ramie the bdbis of pia(‘lieall) all the proeebses 
u&ed the world over ib a caiusLic eook in soine foini. Most of the gumb 
and other maleriahs that aie in ramie fiber are not water boluble and, 
on this aceounl, if the\ aie to be removed efTcetively llie> must be Irealt'd 
with some chemieal in order to gel them into suspension or solution and 
thus mobile. Actually, decorticated or libboned ramie fiber will contain 
from IS to 25 and evf^n 35 percent gums, depending ui)on the decortica¬ 
tion or ril)boning pro(‘ess used. The cleanest fiber is usually produced 
with the use of plenty of water on the wheels (in the instance of the large 
centrally located unit) during the decorticating operation. A consider¬ 
able part of the eml^edded plant material is sulTiciently soluble or suspend- 
able to I)e removed in this way. Once the fiber is dry it is very difficult 
to re-wet; hence, willioul doubt, the considerable soaking periods that 
Miss Montgomery told us about yesterday as currently used in the Orient. 

It seems that the primary problem in the caustic cook is to gel the 
active chemical to each fiber and then to remove the dissolved or suspended 
waste materials. When you an* nwoving sa\ 20 percent of the gross 
weight of a material that is quite a large amount that must he handled 
in this wa\. In (>th(*r words, then* is not much point in softening the 
gums then letting a substantial part of them dry back on the fil^eis where 
they were before. Thendore, any mechanical action that can l)e main¬ 
tained during the degumming process is iinportanl. The Japanese process 
which you saw on the film shown yesterday has the essential points neces¬ 
sary. The only thing is, of course, just as Miss Montgomery said, if you 
have plenty of hand labor there is nothing to it. 

Actually we believe the most efficient process for our conditions will 
he based on two general principles. One of them is the counter flow of 
fiber and solution. In other words, remove the waste from the end of 
the system at which the raw fiber is introduced and introduce clean solu¬ 
tion into the end of the system from which the clean fibers arc removed. 
The other item of particular importance in the effective degumming of 
fibers in such a system is to have a mechanical process that will keep ihe 
liquid which is in contact with the fiber constantly on the move. Squeeze 
lolls arc, of course, <}uile good. This mechanical action can be offset b} 
time^ however, since, if given sullicienl lime, the chemicals will diffuse 
thru the medium and reach the fibers. Lfnforlunalely this does not make 
for unifornuly of the action of the chemical on the entire mass of the 
fiber both as to concmlralion of the chemical and duralioii of the action. 
In other words the fillers at the center of a given mass are evposed to the 
weakest chemieal for ihe shortest time. 

I should like now to pass on from the problems of degumming to some 
of those concerned with the preparation of the fiber for spinning. It is 
believed the primary problem that has been encountered in the spinning 
of ramie has been in establishing staple length and selecting the spinning 
system which will take the staple lengths that can be produced. This, 
of course, is in relation to the almost complete absence of spirality in 
any form in this fiber in its natural condition. There is one thing whicli 
1 think should be pointed out in connection with the process which Miss 
Montgomery '-bowed \ou lhal is being used in Japan. Reference is to 
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the fact that in their fiber preparation operation they produce three kinds 
of stock and I don’t believe that there has been a system developed am- 
where else by which )ou can produce a fine long stapled fiber and get a 
recovery of about 30 percent of your total original clegummed fiber in 
this longer staple. 

I believe 1 quote Miss Montgomery correctly on their recovering 30 
percent of the long fiber while about 40 percent goes to the wool or 
intermediate system and another 30 percent back to the cotton system. 
That is certainly a pretty efficient utilization of your fiber stock. Still if 
you are talking about the price of your very sheer materials and fancy 
goods you must remember that you are talking of the top 30 percent of 
your production. We suspect that the secret of the success of the system 
}ou saw in the movie yesterday is that big scissors operation. That is 
the "‘know how”, in that instance coupled with very low-priced but efiScient 
labor, that has provided an effective system under those conditions. 

Under the system in common use in this country, once the fiber has 
been decorticated and dried, the next step is to gel it into the best possible 
alignment preparatoiy to hlapling. This is usually done by brushing or 
burnishing in order to remove as much of the retained bark and shi\e as 
possible and get out those insidious angles and kinks which are certain, 
otherwise, to considerably reduce the efficiency of the stapling procedure. 

At this point it might be well to mention an idea that apparently has 
occurred to several people since ""pre-stapling” while the fiber is still 
in the plant stem seems to have been tried by a number of operators 
during the past few years. In other words, these fibers while still in the 
plant structure are in perfect alignment and that should be the ideal 
time to staple or cut them into pre-determined lengths, all other conditions 
being equal. It really sounds like quite a good idea if a method can be 
developed for handling the chopped stems from the point of stapling 
on through. 

Of course, all the spinning sy stems have a certain amount of tolerance 
as to length of staple they can lake. Still another process has been tried 
by at least one mill that is very similar to the one w^e saw’ operating in 
the movie yesterday except they-’don’t use ([uile as much hand labor. In 
this method there is produced some kind of a sliver out of the full length 
fiber. This is stapled and the process is rep<‘ated until tlie desiied fi])er 
length is attained and ready for spinning. 

If WT can lick this problem of preparing accurate staple lengths we 
can certainly obtain higher ""yields’” of the type of yarn that wo are 
setting out to make. Actually the normal array of ramie fiber is quite 
variable. Therefore, we are going to have to lake some lo.ss some place 
along the line if we want to spin ten-inch staple. That, of course, would 
be our top quality but there will probably not be a very large percentage 
available in this staple length. It seems that the present trend is to 
staple from three to maybe six inches on the long end and to try to get 
the top quality in that range and then recover the tow from that process 
and use it on some of the shorter methods for a cheaper type of yarn. 
Thank you. 

Chairma> : 

Are there any questions? ... If not I should like to ask Mr. Whitteiiiore if he 
ha*; an>thing to add to the discussion of this phase of fiber handling at this tim(‘. 
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Mr. WHmLMtmi.: 

Vbout the onl> comnKMil 1 would like u> add al ihi'^ lime lo whal ha^ Ixtm said 
is lo more or less re-empliasi/o ihe iiiipoituncc ol ap;e and \aiielal studies ol l)asl 
fiber plants in relation lo llie (jualit> ol I he fiber that is to be e\p(‘eled at the time 
of harvest. Reference is, ol course, lo finene‘'S of llu‘ filler (‘‘denier'”) as well as 
strength and other characieristics such as flex. 

Chairman: 

1 would like to a^^k Mr. Walter R. (iuthiie, Nice Piesident of Lehigh Spinning 
G>mpany of Allentown, Pennsylvania, il he will now open the discussion on this 
general phase of the subject b> telling us something about the work he is doing on 
the mechanization of kenat harvesting and processing in (aiha. 

Mr. Glthril: 

Mr. Chairman, Ladies and Gentlemen: I suspecl that most ol you probably 
heard enough from me this morning. "Your Chairman says that 1 am now to tell 
vou about whal is going on in Cuba with regard to the field piocessing of kenaf. 
I must first of all tell ^ou ihert^ is a lot going on in Cuba that I don’t know any¬ 
thing about. 

However, \ do know something about what one parlicular producer in Cuba 
is doing with kenaf; and that is jusi about the extent of my knowledge of whal 
is going on down lhei’t‘ in eonneclion with the development of this crop. 13ricfl>, 
this Cuban Compan> asked us to act as a consultant lor them in their kenaf program 
and that is whal we have been doing lor lh(‘m this past >ear. 

Having had training in nurhanical engineering I ii*y to laekle problems ol 
manufacturing h> gelling things done on the ha^sis of nio\ing materials about with 
the least amount ol effort. This is l)<‘Cduse 1 know definilel> in manulacluring, 
wdiere I have had some evptuienee, that your costs aic chirdly built aboiil lli<‘ cost ol 
moving things around. Actually, running inalerials through a machine can he dont* 
very cheaply. It's the cost ol moving tliern Irmn one spot lo anolher in any manu¬ 
facturing operation that costs jou mon<‘y. So naturally, wdien 1 tackle a job, 1 try 
to hold to the greatest praclh'ul minimum the ainounl of effort that is lo be expended 
in this soil of activity. 

Comsetiuenlly when iny company took on the job ol trying to see what could be 
done about kenaf lor ibis company in (aiba my first thought was lo see how little 
effort it was necessary to expend in moving things around. So we started with the 
ribboning of the plants in the field, and whal we propose to do is this. We are 
going to ribbon the plants exactly wh<*re they ar*e grown, right there in the field. 
In this way we are going to gel rid of as much of that green material, die waste, 
soon as possible for two r<*asons. The ohi(*f reason is we don’’l want to pay the cost 
of moving it elsewhere. The second reason is that we would like to leave it light 
there on the land where il will act as a fertilizer. 

Following the rilrboning operation we then want lo move our ribbons jusi as 
short a distance as possible. Naluiully w(‘ have lo rnovr* them lo a deeurlieating 
machine which is serni-porlalrle and which would he located at the ncan'sl source 
of water. In some eaM*s we are planning on drilling soim* wells Ixraiise we think 
it is a Jot elieaper to <liill wells than il is to move a heavy tonnage ol such iiialeiial 
u long disiane<‘. 

When the fiber comes out oi the deeoilieatoi, we llxui irropose to move it lo a 
central plant where il will bt‘ meehaiiii’ally <hied and baled. The fundamenlal idea 
behind the whole process is, ihen, lo move as little tonnage as we possibly can lo 
get the maximum amount ol clean dry fiber with a iniirimum expenditure ol emugy. 
Now if we carry through on those fundamental ideas I think we will end up with as 
low a cost as is possible. 

How^ever, when we started with the rihlroning machines which were being used 
in Cuba we first thought they were doing quite a good job. Then we decided that 
we needed a little different type because we had lo end up decorticating that material 
by mechanical means. And so, in addition lo breaking the wood out and getting 
rid of the foliage we also wanted to gel rid of as much of that heavy green material 
as possible, particularly on the butt ends of the lihbons, so as to lighten the load 
on the decorticating machine just as much as possible. 

While we don’t want to tell you loo much about tills machine, prematurely, when 
we finally get this operation worked out, and we hope that will lx* before the end 
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(jt November, 1 am quite sure that tlie iiilormathm will be made available to every¬ 
one. Although we have designed a maciiine, in fact this is the third machine we 
have designed and built, to decorticate kenaf, 1 can't tell you just where it is at 
this particular moment—probably somewhere between Allentovvn, Pa., and Cuba. 
Him ever, it is our hope that in another week or ten days we will have this unit at 
work down there. We are going to run i! 24 hours a day, 7 days a week as long 
as there is suitable kenaf in Cuba to put through it. We will then he able to study 
the results and calculate just exactly what our production is going to be, as well 
as the costs. This machine may he the answer or it may not he the answer. I am 
not going to be dogmatic about this thing at all, gentlemen. \Vc are only trying to 
solve the problem. W'e are tiying to solve it in a little different way than you folks 
in Florida. In time, you may have the right answer; or we may have the right 
answer, I don’t know. However, what I want is fiber. I don't care whether Florida 
comes up with the right method or Cuba comes up with the right method, what we 
all w'^ant is a good quality of kenaf fiber produced as economically as it can possibly 
he done. So that, in general, is what one particular outfit in Cuba is doing. 

Now this machine that we think, and hope, is going to be successful, should 
produce about 600 pounds an hour, theoretically at least, and it is going to take 
three men to operate it. There will be two men feeding it and one man taking care 
of the delivery' end. So we shall be able to figure out quite simply what it is going 
to cost to decorticate on that machine. 1 w'ouldn't be surprised if we will decorticate 
for about ^ cent per pound, that is for labor only with no overhead included. But 
that, gentlemen, is not as yet a fact. We hope that before the end of November 
we can say to you that it is a fact. 

Mr. Chairman, I don't know* whether there is anything else that 1 should add. 
There are several new faces in the audience this afternoon in comparison to the 
morning meeting. I wish that we could again, just very hurriedly, show them 
your rug here. 

Chairman ; 

Go ahead, but remember, I promised to give this rug to Mrs. Allison, who so 
assiduously has been relieving our good members, old and new% of their dues all 
thru the day at the registration desk. Please don’t let anybody run aw'ay with it. 

Mr. Guthrie: 

I prefer to guarantee nothing on that score after what happened to my kenaf 
sand bag this morning. However, we have here a finished product, an Axminster 
rug that is made out of kenaf yarn. About 50 percent of the weight of this rug is 
kenaf and I think you will agree if you examine it carefully that this fiber does 
make a very' beautiful yarn. And it so happens tliat about 130-140 million pounds 
of such yarn is used in fabrics of this kind in this country every year. So you sec 
there is a very good potential market for kenaf yarn right there. 

1 should like also to again .show you ihi.s kt*naf rope and a few other items made 
from this very acceptable substitute for jute. Now I am not .saying that this is as 
good a rope as if made from sansevieria. Please ilon'l get me wrong, but for a 
cheaper farm rope that is very strong and very u'^eful it could be developed into a 
product of considerable fiber r(‘quirement. I would never sugge.sl, of course, that 
this be used in place of marine rope. As already menliont‘d. this morning, 1 had 
a sample sand bag made for the Corps of Engineeis, but scnnebody seems to have 
bect)me very much allached to it. However, heie are s(»me yarns nia<le from dc- 
corlicaied kenaf that we .''pun last week. W’e are now making some samples for 
th(‘ Quartermaster Corps and the Corps of Engineers. This is the fine'>l yarn that 
we have been able to spin out (ff kenaf, mechanically decorticated kenaf, that is. 
This is about an pound yam. At first w^e did not think it was possible to spin 
tile fiber into as fine a yarn as this; but here it is, a fact and no longer just a hope. 

I want to emphasize again that w'hat wre w'ant above everything else is some 
fiber production out of Florida. We w'ould like to get a substantial amount of fiber 
from you people down here. I am quite sure that the soft fiber manufacturers in 
this country will support your program if you get your costs down to where we can 
afford to buy it. We are exceedingly anxious to see you people make a success 
of it; to see a real volume of business built up in this particular field. I guess 
that is about all I have to say. I will be around for a time if any of you wish to 
ask any questions. 



CHAIItMAN ; 

Are there an> questions an>one would like to askr* ... It looks as iC >ou liaNe 
alread> ansswered them, Mr. <iuthrie. 'We (‘erlaml> do ai)preoiat(‘ the enthubiustie 
and helpful part you have taken in both .se.ssi<nis of our piof*ijm on fiber eiops 
tociav. It i.*^ our hope that nlliinatel'v we may he able to give >ou all the kenal 
of the very highest (pialitv that you ean possil)ly use in that wonderful plant >(m 
have up there in Allentown of whieh I Jiave heard .so much. 

I would now' like to call on Mr. Edward O. lh*nriiiu<‘z, President, Tropical Fibei, 
Inc., Vero Beach, for anv comments he ma> care to mak<‘ on the discussions that 
have gone before or regarding his extensive expedience with kenaf both in (Ail)a 
and in Florida. 

Mr. He^riquez: 

Members of the Soil Science Society and Friends: As one of the first planters 
of kenaf for commercial purposes, both in Cuba and in the United States, I have 
been at it for a number of years and, in more or less the hard way, have found 
out about many of the still unsolved difficidlies in the harvesting and processing of 
this crop. 

The agricultural phase of the project has been fairly well attended to. The 
work under way in (mha has been quite inclusive and has continued to lead the way 
insofar as improvement of the ])lant l)y breeding and seleetion is concerned. They 
are doing more on that phase ov<‘r there than W(‘ art‘ over h(‘re because they hav<* 
had a longer start. They also have had some very good men working on it. On 
the other hand w<* aie just starting work on tlu'< enq) ()v(‘r hen*. L am sure that 
we will he doing as well, given the same am<»unt of lime. 

It has been pointed out I)> several speakers that once >ou get the cr()p grown 
>011 have to harvest it. We tried to harv<‘si our first commercial crop in Florida 
in 19*1*9 with the old war-linn* h(*mp harvester. 1'liis does a fairly .satisfactory job 
insofar as ramie and the shot tor kenaf growths are cont*erned, that is, if you take 
your time and liavt* plenty of help. The machine is (piite complicated, however, 
and requires an experienced operator as well as quite a bit of mechanical help on 
the side to keep it going. It does the job, however, and, as the only thing available, 
it has filled the bill up to now, though it has done especially poorly on the taller kenaf. 

However, w<‘ are going into commercial production on a very large scale and 
that has called for a new approach which wo and other companies have tried to find. 
\s YOU have seen from the graph.s that have been di.scussed by Mr. Randolph you 
have almost as many small, no-accounl stalks that have very little fiber in them us 
you do good stalks. Thi.« fact impressed us at tin* veiy beginning, together with 
the thought that with the natural iirieutation of the stems in the fi(*ld, the method 
of approach in harvesting should be to ir> to keep them standing u])right in a fully 
parallel position just as long as jiossihle. This would also include the avoidance of 
rapid changes in movement, whii’h, wh<*n aeliiafed at «)n(* point, often cause broken 
stems. 

^Ve have attempted eeilain ha.sie improvemenls in our hurvrst(‘r which in brief 
eonsist.s, in puil, of a vertical gathering uttaehment mounted on lop of a Iraclor-lrailer 
mowing machine. Tlu* gath<*ring chain is operated near to the horizontal and it is 
so placed as to grasp and colled only the tall, nuire mature, fiber-hearing stalks, 
which are depo.^iteil in a windrow at the pn'sent lime. However, wo plan to add 
a huniHing altachineni to our harvester in the near future. The gathering chains 
operating above the lops of tin* short, immature plunl.s means that they and anything 
under that height are lht*rel)y di.searded in the liai*vesling operation. 

We also have* alLaehed to the front end of this iraelor an <*levat<‘tl eull(*r liar 
which can he managed 1)> the operator of the tractor in a way to eliminate the leafy 
lop of the plant. This is done by catching the lops, as they are cut, in a narrow, 
trough-like conveyor located at the rear of this high cutler-har whicJi niovt's them 
to the sub* of tile swath and (hops them on the ground. Thus we have made a 
compo.site machine wJiich lops the plants .so that the stalks are all of an even lieight 
(w'liich is the beginning of your grading .system) and then gathers tliose stalks and 
cuts them off as near to the ground as the adjustmeiil of the cutler-bar w’ill allow. 
Thus we avoid the usual high stubbles left by the old hinder. Jn other words we 
recover more of the lower pan of the stalk in which the greatest concentration of fiber 
is found. By eliminating the shorter plants (about 3 feel and under) in a manner 
already indicated we are also eliminating the weeds, grass, etc., that otherwise would 
be included for processing at the next succeeding operation. 
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\ith(nigli this fiber ctucMioii hab l)een co\t*ie(l \ei\ Uioiou^hly in iliis nieeling, 

1 am goinji; lo (li^Are'-s a hit troin llic prohleiiib >1 aelual liai\(‘siinj» to u lirile 

fiiillior tln‘ imimilanee ot liijili quali^, s(rai«hl fiber ^\hiell llie niilN lia\e a rif>ht 
to H\pK*l and ivdiiiie. 'Hot onl> lhai, tlie\ requiie clean fiber. The cleaner il is 
llu* heller the piiee. wa^' poin'ed out I'lisl a little wbib* aj^o, ramie j>io\\n in 
China iCbina jiia-'s of e<nnni(‘ie<‘) in the pa-'l has alway* been \ei> helerojKmeoii'! 
or uuuniluiin in conlra^'l to tin* conipaiaii\e nnilonnit) ol lh(‘ riori<la pioducl.' 
The same thina mijihi be ‘-aid (d' keiul <i,ro\\n in India whert* the haues ina and 
liandlin*^ is b\ hand atid ihc retling and cleanini* i'- usually in foul, silt-laden water 
1)\ the ‘^ame priinili\e m«‘ans; likewise in the insianee ol almca thrown in the Philip¬ 
pines in which L know that somelin»e^ the losses inn as hij>li as 50 percent on a 
weiffht l)asis because of dirt and trash of many kinds that have h<*en found in the 
bales that come from oif-shore. Fiber conditions can evplaiii wdiy Florida ramie 
at 28-30 cents per pound might be tirefened lo the Cliina Grass of Commerce even 
though the latter has sold as low as 3 lo 8 cents per pound! \11 of this 1 mention 
largely to bring us back lo llie point Mr. Guthrie brought up a while ago, that we 
have got lo prepare for 12 cent fiber in the instance of kenaf if the industry is lo 
sur\ivc though quality production on our part may ([uitc appreciably broaden this 
price base since, after all, it is clean, straight t(uality fiber that the manufacturer 
wants and its losses in the manufacturing process are comparatively small. 

In the harvesting procedure ‘ we arc developing, as has already been explained, 
we are eliminating and leaving trash in the field which at the present time is only 
adding weight to our handling and hauling costs and cluttering up the machines 
which do the harvesting and ribboning or decorticating. That is to say, all 
that trash that the old liarvesler-binders pick up and put into the bundles along 
w'ith the good plants creates volume and weight which has to be handled and re¬ 
handled and this costs money. In the end il also reduces ihe quality and value of 
the fiber produced because the small, short fibers that do gel through tend to degrade 
the fiber that you are selling. Therefore, in my opinion, we have to start right at the 
verv beginning in harve'-ting and elimiiial(* as much of ihe undesirable malerial as 
possible. 

I sincerely hope that tomorrow, in the course of tlie field trip that has been 
planned to the Glades, we will he able to show yon this first attempt at approaching 
the harvesting operation from a new point of view for thes(‘ tall, fiber plants The 
appearance of the fiehl behind this machine is not as neat and tidy as il is following 
the passage of the old type of machine because it doesn’t pick up all th«‘ trash. 
It leaves it on the ground where it belongs. Many small stalks Iving there make 
you think that it is inefticient and doing a poor jtd). Perhaps il is actually being 
a little bit too efficient. How’cver. il is greatly reducing the mass of plant malerial 
that must be liandled and from which you are really going lo g(*t the I)<*lter quality 
of commercial fiber. Thank you. 

Chairman: 

Thank you, Mr. Henri(iue2. Wc arc happy to liav(* Mr. Joe Walker with us 
this afternoon. Mr. Walker is presently Director of the li.S.U.A.’s cooperative fiber 
production study in Cuba. He will now tell us something of the work with kenaf that 
is under W'ay dowm there in cooperation witli the Cuban Government. 

Mr. Walker: 

Mr. Chairman, hlerabers of the Soil Science Society, Ladies and Gentlemen: 
In my opinion one of the most interesting things about this kenaf program hasn’t 
been mentioned today. 1 refer to the history behind it. While such a discussion 
may not have any particular economic value perhaps you might be interested in 
hearing something of it. 

Kenaf was first introduced into Cuba in 1918 and tlie seeds yvere lost in a year 
or so. It was reintroduced in 1933 and the project w^ent so far at that time as to 


“This was very* strongly emphasized by ]\Ir. Harry Neiman, Sea Island Mills, 
Inc., in his talk on the subject of degumming before the Society at the time of its 
meeting in Belle Glade in April 1947 as reported in I^oceedings Volume VIII, pp. 
141-1.13, 1946-7. 

*Note: A couple of views of the new type of harvester which Mr. Henriquez 
has discussed and a view of the ribboner he is developing are to be found as Figs. 
2 and 3, page 243 of the Appendix.—Ed. 
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(le*\elt)p plaiiM lor llit‘ con&liiicliiMi ol a -dck mill wlieii tlu‘ bceil M)ur<Ts 'were lost 
di?ain. ll<)we\er, in ]94'2, Mr. \eiiiia and an associate ot liis in lli<‘ (aihan (r«»vcin- 
ment brought in fresh supplic'^ lumi Sun !?tdKa<lor and honi llidl lime <m Wi* ha^cu’l 
lobl the kenal seed snpph. \l lhal lime Mr. Veuna hioiiglil l)a<‘k llitcf* ptninds 
and on accoiinl ol this iiiirodiK'lion and the c.ire given th(‘ s(‘(‘d lie might he regarded 
as the father «>i the modiM'ii ktMiaf program down there. 

\ few months after that, in 1913, an army bomber tlev\ over from Sun Salvador 
and left ^^t'eds in most of the West Indian Islands. Some hnir or live hundred aere^i 
were glown in (aiha that year. Fdumgh s<*e<l'- were ppodueed the lollowing year. Mi. 
(hillirie, to decorticate ov<*r 20.000 pounds of liIxT. \nd it was filxM* iioin that crop 
that was u^ed to make the first sugar sa<‘ks lhal wi* made liom (hihan kimaf. How¬ 
ever, when the lime came to make those sacks we couldn't find a mill in the Unit<‘d 
States that could weave them until we happened lo learn lhal there was a small pilot- 
sized jute mill ill San Quentin Prison. V fair sized sample of the fiber was first 
sent to Pennsylvania for sjiinning and llienet‘ lo llio San Quentin Prison for weaving. 
Vbout five sacks were woven from it. 

Since that lime most of you are familiar with the modern kenaf program. Wiien 
that plane landed those se(‘ds in Cuba none of us had lieard anything about kenaf 
and JVIr. Home, who was llien working in the Experiment Station in Puerto Rico, 
received orders lo go recidve a load of kenaf S(‘e<lR which the Board of Economic 
Warfare w^as semling. He and Mr. Acuna, working with officials in the American 
Embassy in Havana, then developed a cooperative program lo answer the current 
need. It was from this lhal tin* present program grew. 

I first went lo Cuba in 1915. My predecessor there. Dr. Julian Crane, did the 
preliminary agronomic experiments and my work more or less expanded and .sub¬ 
stantiated what he had already found. I think one of the most important con¬ 
tributions w<* have made down there lhal has not been given much aiienlion, as yet, 
because of the ovei shadowing problems in the m(‘ehanieal ext ruction of the liber, 
is the lirecding work that has been done. 

Those seeds that were intnxliiced from Salvador were a mixture of four varieties. 
They came in a very round-about way lo Salvador, we think from .lava. They reached 
Java ill the hands of a Dutch iliplomal who gave them lo one of the representatives 
in the diplomatic service of San Salvador who look them hack lo the President. A 
small supply of tliese seeds was given lo an American who thought that they might 
have a future down there and so he multiplied them to the more than 2,000 pound 
supply that was sent to the West Indies by 1942. Pnwious to that time some kenaf 
seed had been sent to Peru and the best information we can get is that those also 
came from Java though they do not hear very much resemblance lo the ones we got 
from Salvador. In 1945, however, we akso introduced those into Cuba and I made some 
crosses of the two varieties introduced in 1947. a result we now think the 
prodigy of some of those crosses will open up about 20 degre<*s of the Earth's surface 
as a belt around the eiiuaior for kenaf production wher(‘, before, it was thought lhal 
this crop could not he grown. These new’ strains are not so sensitive to day Jenglli 
as the earlier ones we were working with and it appears that they will produce fiber 
down closer lo the eifuator when* there is a heavy rainfall and exceedingly fertile 
land and the plant makes very rapid growth. We had nine-foot kenaf in sixty days 
in Salvador this year. I planltxl kenaf seeds there one Wednesday afternoon and 
by Sunday morning tlx* young plants were three inches tall. 

With reference lo the extraction work that all of us are doing, 1 can't add much 
lo what has aln‘ady been saiil. We all seem to be pursuing essentially the same 
course and using more or less the same methods with s<une small variations. 1 
believe the best thing we can do, ami I thinkTny (luban associal<*s will (‘iidorse this, 
is to invite you to come down there and study our work just as you have so cordially 
allowed us to study your work up here. J am sun* you will alw’ays find our latch 
string out just as we are finding yours up here. 

In certain cultural operations we are doing a little differently down there Imt 
I don't think the difference is sufficiently great to try lo point them out here, especially 
since our conditions are so diff(*rcnl. Thus wc don’t exactly agree on tlie methods 
of harvesting seeds. We are not going lo combine ours directly, certainly not the 
Kenaf Corporation. However, some of the other growers are going to try it. We 
fear that there is going to he too much moisture in the seeds if they are threshed 
directly in this way and we would run into trouble from moulding, and consequent 
loss of viability. The Kenaf Corporation is going to cut the seed crop with binders, 
let the bundles dry in shocks and then thresh them. Last year we found that we 
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('ouJil run our >ields up ([uite appreciuLl} by harvobling in lliib wav. Wc* ha\(‘ 
oombint'd succt*.ssfull> in Cuba but the >ield lias alwa>s been low'. I don't recall 
any >ielcl from coinbininj* ever running over 250 pounds per acre. Last year we 
had yields running over 600 pounds by using binders and then threshing. That was 
on areas of up to 33 acres. We actualh averaged over -lOO pounds on more than 
200 acres bv harvesling in this manner.^ 

Of course vou should cut the kenaf when you think you will gel the most seed. 
In Cuba, then, w'e recommend harvesting for threshing wdien there aie three to five 
drv capsules. The greeiu'r the stems arc the smulltT the bundles and shocks will 
have to lie so as to get good ventilation. If your kenaf is perfectly dr> there is no 
reason why >ou should not combine it. Imfortunalel), we don't get it diy enougli 
down there until it is so late that most of the seeds aie lost. 

Thank you for your attention. Td he glad to liy to answer any qm'sticms that 
any of >ou may have. 

QiifiSTiON: 

What kind of Idnders do you use.'' 

Answer: 

Wc ar<‘ using the so-called war-hemp l)inder which was oiiginalh a John Deere 
lian'ester-v\indi(mer f(»r hemp to which ha« been attached an International })inding 
head. 

Question' : 

What kind of thresher are you using? 

An.swer: 

"W’e are using International threshers and International cornhim*". well as 
John Deere and ^lassey Harris. 

Question’ : 

Do you have to change the threshers? 

Answer: 

No. The> are all made for rice and we have made no inodificalions on them 
except to adjust the screens. They all have adjustable screens. 

Question : 

Do you have to tie the shocks? 

Vnswer: 

No. We donT tie them. Many of them fall down hut we go hack and set them 
up again. W> .«;hock them with open centers, str the air can get through them. Kenaf 
will carry 85 percent moisture in wet weather when it is green. 

Ch.\irm\n: 

Vre llier<* any more quesiiun.s'' ... If not, we would now like to hear from Mr. 
DeWilt Knox. \ ice Pi‘(‘sident ol \mer*ican Kmiaf (Corporation, who has hemi ex¬ 
ceeding!} busy during the past i(‘\v niontli.s selling up the (Crrrporalion's large 
Mohegan Corona decorticator and getting it into operation on kenaf out in the Glades. 

Mr. Knox: 

Mr. Chairman. Ladies and Genth*men: Since the di.scussion would seem to he 
about at an end 1 don’t know whether 1 am to he considered lucky or unlucky. 
Perhaps 1 am sort of a fifty-fifty individual because the good services of the Experi¬ 
ment Station and of the Department of Agriculture have given me lots of help as 
well as lots of headaches. I tliink if Mr. Whittemore had spoken to me this morning 
about the disadvantages of the field ribboner 1 might have helped him out quite a 
little bit. We have decided to tr}* this field macliine by building three of them and 
1 never know' vvhen I get up in the morning whether I am going to have a headache 
or a picnic. Up to now I’ve had lots of headaches. 

Our field program out there is essentially as outlined by Mr. Guthrie in con¬ 
nection with the work he is doing in Cuba. We have taken tltis U.S.D.A. machine 

®The binder and combine to which Mr. Walker refers are shown in the photo 
series cov'ering the Field Trip, beginning on page 175.—Ed. 
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and, willi the Jndp ol \\(nk(Ts al ihc Slaiitni, un(l<‘ilakcii Id adapt il In 

producing ribbons hoin konaf and cair\ing lht*m lo tin* (‘onhal dt*oouic*alor ^vbiob. 
in our case, happens to be a Mohegaii Coiona l>pe a*- icteiit*<! to lj\ llie (.bairinan. 
\Ve run tlnvse ribbons ibroiigli tin* deeoilifulor and g(‘l a limil(‘d auiounl oi nin* elcaii 
(iber which is ready for drying and haling. 

There has been a teriilic amount ol work done by the Agrieukiiral Depailmenl 
of the Corporation in getting about 700 acres of laml ready and planted. Tliey iiu\<* 
done a marvelous job and have really lu'en pu-^hing me willi tho.s(‘ plants. A.s ha'* 
been said, if you were tit go south on Highway 7 you would see some fields of keiial 
ill blossom that are intended for seed prodiielion. However, ikyoii come out lo 
our plantation tomorrow you will find that we aie giowing our crop lor filter and 
not for se<‘d. Consi'tiuenlly W(‘ are harvesting and tu’odiieina liber at this lime. 

1 don’t exactly know A\liat the ehaiiinan had in mind when he suggo'^li'd that I 
take part in this disciissiitn. IJiiforlunately, I was m) hiisy in tin* field that 1 eould 
not attend the meetings yesterday and this morning. However, liomwhat I have heard 
this afternoon I feel that altituL all the salUuit points have been veiy well citvered. 
How'ever, there is nothing like a ])hy'sical vi(‘w of what you have heard tliseusscd 
so 1 hope you will he able to come out lit see us lomolr<tw^ Dit you think ol anything 
else. Air. Chairman, that 1 miglu add to this discussion? 

Ch MR WATS: 

Not unless you might he willing to idealize a little* hit and tell us just what you 
would like lo have in tin* way ol e(|uipin<*nl to more idlieieinlv handle the eiop you 
are working with. 

Mr. Knox: 

Mr. Hyrom expressed my thoughts perleelly when hi* said we need a luaehine 
that will handle production with low waste. My principals conn* out there and look 
at what I am doing and say the waste is terrible, can‘t we do something about it! 
Of course, all that waste means (lollai*s, plenty <»f them, and the quicker soint‘hody 
develops a machine that will luin a larger pereenlum of the filx'r contained in those 
plants into money, why llu* sooner we will all he a lot happi(*r.‘’ 

Chairman: 

Are there any questions you want to ask Mr. Knox before he scoots back to 
the field? ... If there are none I should like to again remind those of you who 
plan to go on tlie field trip tomorrow lo lei us liave your name on llie list just a.s 
soon as possible. Th<» principal stopping points w^ill he at N(*wport Industries Inc., 
where the. ramie liaivesl is actually under way, then ilie Kverglades K\i)erimenl Station, 
followed by the plantation of the \mericaii Kenaf Corporation, where the first liarAcst 
of kenaf on a large scale in Florida thru the use of mechanical deemliealion is under 
way. The J)U.s will lea\e the liolel at *1:00 \.M. There is no meeting this evening 

Heforc closing the afu*rnoon meeting, however. I sliould like to call on Mr. 
Ceorges Ihouillelte of Clennmil, Moiida, y\ho has been working with l)i. Chailes 
H. Short during the past emiph* id years al ihi* Florida Indiisltial Laboratories in that 
city on certain ribboning and degumming de\ie(*.s for the harvesting and processing 
of hast fibers, linloiinnalelv. Dr. Short eoiild not be with us lodav on aeeonni ol 
illness, 

Mr. BiioiiiLr.KTTh: 

Mr. (diainnan. Ladies and Cenilenien: I am indeed glad to say a few worcU 
regarding our work up at Clennonl for Dr. Charles ll. Short, who, l)eing ill at this 
time, could not attend this ni(*eliug, as your Chairman has said. 1 can assure you 
that he would have liked very inucli lo he here with you. 

As many of you know. Dr, Short became interested in the possibilities of a soft 
fiber industry in Florida some eight years ago and has made extensive studies since 
that time of the many problems that are involved. After much thoughi and consulta¬ 
tion with many fiber specialists, it became apparent that the pricinpal “'bottleneck*’ 
was in the mechanization of the liarvesting and the ribboning or decortication f>f 

® Some of the operations on Am. Kenafs Plantation will be found in the photo 
scries covering the Field Trip beginning on page 175. -Kd. 
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such plants; and that it tlie'^e types of hbei'b weie to be pioduced economicall> in 
Florida new machines for lliis purpose •would have to be developed.’ 

With this ill mind he diliftontl^ set him^-elf lo tin* task of designing and building 
a small t>pe of riblmniT that the individual laimer could Ini) and <»peidte economically. 
Tjemendous strides ha\e been made in these d<*velopinents. Dr. Sh(>rl’.s health per- 
mittine; we will make fiebl tests oi the rihhoning machine in the ncai lutuic. 

It Ini'- been in> pleasuie lor tin* past ycai and a hall lo woik lor and with Dr. 
Shoit in th(^ building and testing ol this machine. Vs a mallei ot fact wo have l)een 
working on two ma(‘hine&, the one leleued to al)o^e we call a field rihl)OU<‘r oi 
dt‘Coitiealor; the other is a ehemieal ilegumnier and v\aslu‘t lor cleaning up the 
ribbons of either ramie oi kenal by v\a\ ol |)ie]>aiing them loi fiiiiber pioeessing 
and spinning. 

All of this v\oik has been helped lo a gieal extent b> the ev<*i-cooperative efforts 
ot Dr. Vllison and the staff at the Evergladt's ExpeiimciU Station. J thank you foi 
this privilege of speaking to >(»u. 

Ch UBMA^ : 

Thank you, \fr. Biouillelte. 1 am suie v\e all hope lor Dr. Shoifs complete and 
speedy recovery. Vfill you kindly convey our every good wish to him at the first 
opportuuitv I If there are no other (piestionb . . . the meeting is adjourned. 


’A gencial view ol the field rihhoner developed by Dr. Short will be found on 
page 24.^ in the App(‘ndix, Figure 3. 
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EVERGLADES FIELD INSPECTION TRIP FOR lUMIE. 
KENAF AND SANSEVlEEJfA 
Oclobei :n. 1951 

A group of moiv liian 50 (leJ(‘gales left ihe (k^)rge Wa'-liiugloii lloloi 
1)\ chailerecl bus, ami man) oIIkm’s in pri\al(‘ cars at 9 cfclocL on ilie 
morning of the following the close of lln^ Annual TMcelings of the 
Society on the afternoon of October 80. 

The FIRST STOP was at the plantation and mill of (Newport Iiidustiiob, 
Inc., east of Canal Point. The general operation of this unit in the field 
and in the mill was fully explained by Mr. J. M. Dempsey and his asso¬ 
ciates to whom the entire group was deeply indebted for such a complete 
view of the operation which has become of world-wide interest. The 
series of photos that follow show some of the operations involved in this 
project, though all of the pictures w’ere not necessarily taken on the day 
of the lour. 

NEWPORT INDUSTRIES (Ramie) 

Figure 1. Vn early air view of the central plant at Newpoit lndll‘«llie^, Juc., 
Canal Point, showing extensive areas of ramie in the l>ackgioiind and yard-drying 
of the fiber, a practice that has been discontinued in fa\or of o\en drying as illustrated 
in Figure 12 of this seiies. 

Figure 2. Digging ramie loots with a potato digger lor planting new areas. While 
this operation was not observed during the inspection of the plantation operations, 
this is the way it is being done. 

Figure 3. Gathering tlie roots that iia\e been siirlaced by the opcTalion in 
Figure 2 preparatory to chopping and planting. 

Figure 4. Planting lamie loots, 4 ro%\s at a lime. Irom ihizomt‘b and crowns 
that have been liaivested and gathered as shown in Figiiies 2 and 3. The rows are 
spaced three feet apart with planting pieces dropped at intervals of al)out two leet 
in the low. 

Figure 5. \ir view ol liarvest operations on the plantation of iNewpoit Industries, 
Inc., showing three binders and two loaders in action with numerous field wagons 
awaiting loading. The seemingly limitless expanse ot the Fverglades is well shown in 
the background. 

Figure 6. Close up of harvesting operati<ui with wai-time hemi> lianester. Note 
self-tripping bundle caiTier at right which was designed by and built for Newport 
Industries, Inc. This will carry a load of 800 -1000 pounds and saves the hand labor 
involved in piling hundlos manually. 

Figure 7, Clos<* up of grapple hook and Speed Loader mounted on D-4 tractor 
as adapted to loading sugar cane and, in this instance, ramie. Note the piling of 
bundles in the background preparatory for the use of the loader. Tliis was before 
the l)undle carrier had been installed on the harvester. 

Figure 8. A close-up of loading operations using a Speed Loader to rapidly 
fill the train of At hey wagons. 

Figure 9. Arranging ramie bundles on feed table at central plant as the apron 
approaches modified Corona decorticator at the left. 

Figure 10. Ramie mat approaching decorticator at end of feed table on the 
left and decorticated fiber leaving the machine on the right. Note the tw^o encased 
raspador units, one in front of and the other at left of man at top of picture and 
waste leaving upon separate carriers from each thru the back of the building. 

Figure 11. Decorticated ramie fiber after passing through the squeeze rolls 
which remove a considerable amount of the free water it contains as it leaves the 
Corona where it has been thoroughly washed during the decorticating process. 

Figure 12. From the squeeze rolls the wet fiber is taken to the drying ovens 
via the “’dolly”, as show'n in this photo. Thus only a few minutes after decortication 
has taken place the fiber is dried and ready to bail. 
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1 lauie !-> Ldiliiit, diK tl undes^ummtd lamu hhti ilki it c)m(^ lioin tlu nhi 
in pieimiti n loi btoia^e oi shipmfent 

Fuutt 11 iiid A\ iichoubinjf hdilt d r imit it Ntwpoit Industiies Ini 

(and Punt 11 i tin pioduct is u in inti imedi ilt point InhAttn held pioduc ion 
ind industiid use 

I i-,me 15 Minululuun^ lamie hat mtil liom the kps ol the hiivisitd pi mis 
this IS I hiji piolcin (22 24 r) letd loi liMstoc’v ind poulli> Vllhouji ji^ 
xninuficluie has lucn tcnipoidiil> shelved in Idvoi <1 chemie d detoliiiion in tin 
held thfip IS ilw i>s iht possihdity that it will be itsiimed in diu eoiiibt 

I ij;uit 16 Undee;unimed lamit in wiapptd bales in pi nts^ ol loadmt, loi ship 
ment liom Canal Point The wrapped bales ue loi expoil Mi \ IM Dtmpsej 
managei of the Fibei Division ot Newpoil Industrus Ine it ( inal Point is shewn 
holding -i small armful of the unde^ummed fibei 

EVERGLADES EXPERIMENT SPAT ION 

The SECOND STOP following luncheon in Belle Glade and else 
wheie along die loute was at the Lveigladeb Expeiimenl Station, about 
2^/ miles east of Belle Glade on the Palm Beach Ft Myers highway 
Heie a consideiable amount of investigational woik and leseaich is under 
\\a> on rhe agionomic and engmeeiing piobhnis associated with fibei 
tiop pioduclion in South Honda— paiticulail} lamie, kenaf and sanse 
\ieiia — as discussed duimg the two days ol meetings that immecliateh 
pieceded the field liip As in the instance of the field inspection of 
lamie at Newport Industiies Inc only a Itw ol the high points ol this 
^top will be shown in the figuies that follow These will include lefer 
ence to various problems obseived and discussed along the way though 
not necessaiil} seen oi discussed at the time of the Experiment Station 
visit 

Figure 17 4.ii Mew of the Everglades Expciinienl Statron from the north (lelt) 
and (nght) from the south showing more details of plot layout to the right of the 
ioadwa\ lunnina arrows the lowei left hand coimr of the pi( turt 

R4M1F 

I i^uic P Ramie \aiul\ phis at the fc>eialadts JxptnnunL Slalun 

[ -,im 19 V good stand ol maluie larait jt idv loi haivtst 

Fi^ui 20 Ramit jnfli itsccnct with binilt l>pt bJossom il)o\t and the milt 
polkn lit iniu t\pe btlov\ 

Fiauie 2] Pditiillv dttulitaltd stems showint, the piiipheial lotrlioii ol die 
bdist fibers and then abundante in thib t>p( ol pi int 

Figure 22 Ramie flow chan showin*, various bteps in pioctssjng and use oi 
the fibei from the crude decoititakd nbhons ( f Iimi aiass of commciti ) lo the 
hni-'litd vaiii'- 

kFNAl* 

ti^iiit 2o K< naJ bJossrm Ntlt the hibistuss i\pc 

Fi-,uie 2f Stt ion <f matuit kenaf stems at kfl witli sud pod'^ (<nUi ind 
"eeds exposed on light 

Fi^uie 2 -> kenaf vaiietv plots n Lxptimitnl Stition with AIi Clinks C Seile 
fibei tiop a^ionomi'^t as the measuinj sink 

Figuic 26 \ matuit e,iowth if kend at about 110 dd>b ol agt on i opical 

mmeial soil Pompano fine sand in the Indiantiwn aiea 

Figure 27 Haivtsim^ mature kenaf foi seed with a war time hemp binder I his 
1 '^ an opeiation of Tiopical Fibie Inc \ero Beach Floiida 

Figure 28 Field view of kenaf shocks ready for threshing with the combine 
shown at the right This i® an opeiation of Tropical Fibie Tnc Veio Beach 
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I i^uii 29 lop I koii il winch w i*- llijujii 1\ in \l lln. lini >1 lli 

inc(.lint.s to bt i loim ot miu*- clistisc Inil lalei 1 nind I b (hhnildv iss cm 
With ideetion b\ CalUto iichnm ^p 

1^ uuie ^0 \n lu i 1 plinth in i kc ml he kl hicllj illttkcl b\ llu lo l kne I 
nemitodc with llu dmosi complete destinetion 1 the loot system sIdwh })v tin 
inset photo ol plant loots liom inothei iiei 

I it,uie ■)! Halve'«tiiv pioblenis c in be i lusc d b> th wind when lb kenil ei »p 
is nnluit ind heavy in llu lop *^io\\th llu wind w is not blowin^ il the lime ihe 
pietuu w IS liken is nndd h< lUcUed b> f he I >-,1 iphe i \ve nil s mussed ban ml 
the bowed plants 

p igiire o2 Halve stilly piohleins also cm lie llu lesull ot pi intin^ kcnal seeds 
e c nt iminalt el with moininj, ^loi> \bo\c ^lound view ol ihe impejssible condition 
that de\cloptd in the eoinsc ol onl> i lew weeks ul giowlh with an in view of ibt 
^anie held (below) slieiwin., an f\ploialoiv path that hid been eul acioss il witb 
the haivtsiei beloie the flitihl pholo w is inacle in an etlojt to deleimine the e Mtiil 
ol the infefalatu n Such a condition ioiced ihnidonnunl ol this cntiie oOatie field 
as well as sevcial olheis 

risUie Ihis IS i pail ol llu kenil waste leleutd to in the di^cus'^im ol llu 
decoitic ition pioblem b) Mi DeWill Kno\ lem luls the close ol ihr ])io£,i tin in “West 
Palm Be ich jiisl piioi Lo ihe field tup 

f imi ol \ lii^e put ol the hiiveslin^ diflieiiltie s issoelated with die h nulliii^ 
ef hast hbeied crops such is nmu inel kcnil Ins been issue nitd with llu diielui 
ecjuipmenl it has luen lound luecssaiy lo use up t j the piestni time Thus the w ii 
time hemp Imidci i peioi job though il has deme is nei lon^t i mule ind minv cl 
the cntical puls neetssn> loi leplieemcnt no 1 »n^e i e in be eiliiuntd except In 
special oidti Ml ciedit lo it howcvei loi the slut it his ^^ne n the hist hbei indusln 
111 blotidi 

S\NST VJriUV 

Tiguie V cultivated stand of Sansciitna thyisijoha Ilumb (S ^iuirnttivs 

TV did ) giowmj; m mincial boil at Boyton lloiida 

Figuu S6 Dccoincalin^ dcinonstialion at the time ol the held tup with the 
large Coiona type machine hnilt lo the design and specifications of U S D 4 engi 
neers b> a Ballimoic him Ihe hist dium is leadilv visible between the two men 
at the feed table Mi Byioin light and Mi Whitlemoie lelt 

Figure 37 Standaid Iiale ol sanscvuiia hbei we i Jung ilxml 100 poundb as 
piepared at the ^^el Jades Station ioi U S Niw tests this was taken heim plant" 
gitluied liom VMtkly dibtiibiited ueas eivti Senilli Iloiidi 

AMLIUCAN KINAI AND I IBI II (OllPOHMTON (kenah 

riu J MIHD AND I A^ I SIOP on ihe held liij> was iL llu Phnlalion 
of llic Xinciu in Ke ml and I diet ( oipot ilion on llu lowc t Jlillsboio 
(anal souilu isi o| ihe L\|)<inntid Sialion and lealh oiil in llu^ luail 
of the Ixeigladcs In view ol the lad dial this cnlnt opcnalion was 
biokcn oiil ol Mii*in sawgiass soil llvci^lades peal) lifgmmng onl\ a 
lillle mote than a >( ai bdoic llu him ol ihcMsil August 1950 lo Oclobei 
1951 photos ol stveial o( llu lind pie^paiation opeMalions will be in 
eluded ni the figuics lhat au lo covet tins stop The whole paU> is 
indebted lo the oflicials of the above coipoialioii for then ho&pilalitv 
and the complelenesb of the stucl> which they weie peimilled to make 
of the entire opeialion 

Figure 38 Native siwgiass eit iht Floiida Evtigldcles It is fioin the loots ol 
this he ivy sedge that Lveigladts peat laigely has been foimtd 

Figuie 39 ‘Chopping , is one of the fiibt land pi tparation opeidtions m the 
bverglades wheie there is not too much heavy shrubby giowlh «uch as wdlow It 
simply consists ol running the lieavy vegetation down so the plow can turn it in 

Figure 10 Plowing the blown fibious peal with a twtidise unit 



Figure 35 


Figure 36 
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li^UK 11 HdjlowIiij; and l(\cliii», lilt p(dt-dll ifl i plowuifl, Jli lil i hit 
uUi of this soil IS wtll shown in this opLidtioii 

I iguu 12 Di^'liihulinc, Ititili/n htoukdsi h\ diillin^ Ill'll pit i 1 j stcdin^ 
li^uit h Diillin^ ktnif sttd with i siindiul ini dull I i fib i |i do n i 
the lows uc spjttd ihout 7 iikIks ind i iit I ^(mIiii-, i 1» uit 20 itoimtU jti ui 
hpeiidin .1 some whit on viihilil) tf sttd 

1 i^iiic 11 I lu will lilt )l k nil in tiu nuisi w uin I\tijides pt it is wtH 
slnwii hy llu ph to^- liktn it 2 7 IS ind ■)S di\s lolltwin^ sitdiii^ 

I i^uit fS lilt ktnil liiivtsi is\RW(d Inm llu iii (tnlti niu ul ‘-li wiiu 
bmdti in optiiLion with i iwindiiiin iilihoiui wnkin^ it llu oult i td^t ol the 
bundle stitw 11 nt i NoU diffcitmt in ippi iianit of hiindlu uvcitd lud. ind llu 
tidsh Itll alter tlu pissiiu ol the iihhonti 

l^ijSuie 46 Oioiind vitw ol oiu ol the modified lump hindt is it w nk hatvestin^ 
kenaf Note loost pooily lied bundles 

Figure 17 Giouiid \icw ol twin dium iihhomi al woik I Ins nbboiui was 
developed hy U S 1) 4 woikeis at the Iveiglades Sialion Note scatlered boxes ot 
iibbons awdiliiig tianspoii to the eenlial plant foi ilecortication 

Figuie 18 Rihhons horn held boxes lum^ plated on iht dtioilicating line al 
the central plant 

Figure 49 Field iihhons enltimg the fiist wheel of the decoiliextoi This 
piocedure was never developed to a point wheie the losses of fihti were not txceb&ive 
Figure 50 kenaf fibti leaving, the squeeze lolK and icatly lor the diving oven 

biguie 51 Konal enteiing (above) and leaving (below) tlu expeiiinenta] diving 

oven at the Lveigladts SlUion wheie most ol the 1951 trop was drud 
Figuie 52 kenat filu i in the hale w lie housed and ready foi j^iadin^ 

figure 53 'inns and builap haggin^ in vinous toims maniifacluitd honi 

mechanieally decoitu ited kinal 



Figuie 51 Fijjuic 52 



Figure 53 
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BUSINESS MEETING 


A briet business meeting was called b> Vice President Wander im¬ 
mediately following the close of the Panel Discussion on Soil and Water 
Conservation on the evening of October 21). Dr. Wander presided in 
the absence of President Carrigan. 

A telegram was read from Dr. Carrigan expressing his deep personal 
regret over his inabiiit) to he present at the meetings due to the heav\ 
responsibilities of his new position at the Armour Research Foundation 
in Chicago. 

Chairman Wander announced that essentially the only business to 
be taken care of during the meeting was the election of a Vice-President, 
the present Vice-President, according to the dictates of the constitution 
of the Society, automatically becoming President by that action. 

The Nominating Committee that had been appointed during the morn¬ 
ing meeting, which was made up of Dr. W. T. Forsee, Jr., Mr. E. B. 
O’Kelly and Mr. V. E. Woods, with the last named acting as Chairman, 
was asked to report. 

In presenting the report Mr. Woods advised that the committee had 
met during the late afternoon. It seems that after having heard a certain 
paper during the morning meeting on ““Sodium and Potassium Inter¬ 
relationships in Pangola Grass"’ they came rather quickly to the unani¬ 
mous decision that Dr. Nathan Gammon, Jr., should be nominated to 
this important responsibility. After formally nominating Dr. Gammon 
to the elective office of Vice-President of the Soil Science Society of Flor¬ 
ida as the cht)ice of his committee, Mr. Woods then look the opportunity, 
in behalf of the committee, to move that the nominations be closed and 
that the Chair instruct the Secretary to cast a unanimous ballot to certify 
his election. Following the usual call of the Chairman for nominations 
from the floor, and receiving none, a second to Mr. Wood’s motion was 
requested and received simultaneously from a half dozen or more members. 
No negative vote being received, following the question, the Chairman fol¬ 
lowed the usual convention and instructed the Secretary to cast a unanimous 
vote by which Dr. Gammon became the new Vice President for 1952. 

The Secretary was then asked to read the Resolution of Sympathy 
that had been prepared for members who had departed this life during 
the year and requested a short pause after the reading. The resolution 
will be found on page ]o7 of this Proceedings, 

There being no other business to come l)efore the meeting the Presi¬ 
dent asked for a very brief meeting of llu^ Executive Committee imme¬ 
diately following adjournment. The meeting was declared adjourned 
at 10:45 P.M. 

MEETING OF EXECDTIVE COMMITTEE 

At a short session of the Executive Committee President Wander, as 
Chairman of that Committee, extended a cordial invitation for the Society 
to hold its 1952 meetings at the Citrus Experiment Station, Lake Alfred. 
This was tentatively accepted and program plans discussed in a pre¬ 
liminary way. In filling the position of Secretary-Treasurer, R. V. Allison 
of Belle Glade was again appointed to that post. There being no other 
business to come before the committee the meeting w^as adjourned at 
11:15 P.M. 
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RESOLUTION OF SYMPATHY 


Soil Science Society of Florida 

Whereas, death has taken from our rollb during ihe \ear 1951 the 
following esteemed members of the Society whose sincere and construc- 
live inlerest in all aspects of ihc work will make their absence keenh 
felt for a long lime lo come. 

Now TiiKREfOiiE. l]v\ It Uesolved, that this c\prcs^ion of sorrow o\ei 
this great loss and of sympalli) lo the immediale families of the deceased 
be spread upon the r(‘(*ords of this SocieU and a <‘op\ of sanu* he seal 
lo the closesl member of the famil> of each. 


Mr. Edwin L Anderson 
Lima, Peru 

Dr. R. R. Eud<,e 
Jacksoiwille, Elorida 

Mr. E. T. Halter 
Palm Beach, Florida 

Mu. B. G. Kloui 
B irminghanL Alabama 

Mu. Ii. k. Lewis 
West l^alm Reaeh, Florida 


Mr. G. a. Nilol, Jr. 
Palm Beach, Florida 

Mr. Harrison Raoul 
Belle Glade, Florida 

Mr. J. Glenn IUwls 
Plymouth, Florida 

Mr. j. I). Warner 
Quine), Flori<la 

Mr. j. S. Willson 
Palm Beach, Floiida 


B\ the Resolutions (]ommille(‘, 
LiiTiiEii Jones, Chainnan 
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1 Resolution Addressed Particularly to the Various Boards of County 
Commissioners of the Central and Southern Florida Flood Control 
District. Pertaining to the Urgent Need for Their Fullest Possible 
Cooperation in the Planning and Construction of Roads and Highways 
as an Operation ol the f ery First Importance in the Organization of 
Iny System of If ater Conservation and Control for a Given Area That 
Is Economical in Its Construction and Maintenance and Efficient in 
Its Operation. 

% HERE is, the adequate consen alien and handling of Florida’s walea 
lebOuiTCb has rapid 1} mounted to a place of very first importance during 
the past few ^ears because of rapid increase in population and extension 
of agricultural development; and 

Whereas, the development of a system of roads is as necessary in 
promoting the use of the lands as the construction of the system of water 
control: and 

Where vs. the constiuction of ditches and grades and other physical 
installations and adjustments normally associated with proper road and 
highua} planning and development can l)ecoine an item of first import¬ 
ance. either for belter or for Avorse, in the planning of a proper water 
control installation for a given area aiul its subsequent maintenance; and 

Where vs. The Board of County Commissionei s, as duly elected public 
'!er\ants. exercise a \er\ great amount of authority in determining the 
location, design, construction and maintenance of highway and road 
s}stem<i in their indi\idual counties and consequently in the State as a 
whole both on their own responsibility and in cooperation with the State 
Road Board. 

iNow, Therefore, Be It Resolved, that this meeting go on record as 
importuning, through this resolution, all Boards of County Commissioners 
in such counties or parts thereof as fall within such water control units 
as Central and Southern Florida Flood Control District to lake the fullest 
possible cognizance of these needs for coordinated effort in all matters 
pertaining to Water Control and Conservation and to give the fullest 
possible cooperation in the physical development of same insofar as co¬ 
operation in the location and design of roads and highways and physical 
installations pertaining thereto are found, or could be found, to play an 
imp(»rlant and helpful role in this vital phase of our conservation plan¬ 
ning for the future that is so vitall) needed. 

Be It Further Resolved that a copy of this resolution be sent, at the 
time of publication, to the Office of the Governor; to the Commissioner 
of Agriculture, Tallahassee; to the District Office of the Corps of Engi¬ 
neers, U. S. Army, Jacksonville; to the Chairman of the State Road 
Department: to each Board of County Commissioners throughout the 
State; to the State Chamber of Commerce; and to any and all State, 
County and Local Officials who may have or should have interest in the 
subject matter of same, including the Water Conservation Committee of 
the Resources Development Board of Palm Beach County in West Palm 
Beach. 

R. j . Patterson, Clewiston 
Harrison Raoul, Shawano 
John C. Stephens, Ft. Lauderdale 
Luther Jones, Chairman. Belle Glade 
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APPENDIX 


The subsidence of Everglades peal under drainage and eullivation 
as viewed early in the development of ihc Everglades Experiment Station. 
Quotation from Florida Experiment Station Bulletin No. 190, The Stimu¬ 
lation of Plant Response on the Raw, Peal Soils of the Florida Everglades 
Through the Use of Copper Sulfate and Other Chemicals, p. 80, 1927. 

“One of the most impoitant ])robJcms from the agricultural sland- 
]>oinl of peat soil in general is that of shrinkage and excessi\e drying 
as a result of drainage. If iho Everglades is to ilcvelop into a durable 
agricultural project more importance should be placed upon this ibaji 
liny otlier single consideration. 

*’Tn order adequately to protect })eaL soils against fire and conditions 
of excessive drought, absolute water control will be necessary and this 
■should be the aim in starling an agricultural de\elopmenl of this nature. 
In the case of excessive drought, even in the absence of fire, sU(‘h condi¬ 
tions tend to accelerate natural oxidation processes and result in a further 
net loss of the material. 

‘"From this standpoint in particular the whole project is not a prob¬ 
lem for the engineer alone. It is rather one in which agricultural research 
must play an important part in developing systems of cropping and 
rotation that will coordinate with the condition and mo\cinenl of the 
water table in such a way as to afford maximum protection against this 
loss. To those who have a ])road, sincere interest in the cle\elo])inenl of 
this area as a slate resource, the mailer of subsidence and water control 
cannot be o’^er-emphasized. Indeed, we have need but to n*fer lo ih(‘ 
experience of the English upon the Fenland of that counlr\ where, with 
lime, strata of peat several feet thick have almost disappeared and drain¬ 
age lines and cultivation are now largely in the cla^s with which the 
peat was formerly underlaid. Since the peat soils in the Everglades 
area are underlaid with limestone rock or by sand over lime rock, the 
need for caution in their unnecessary exposure is readily seen.’’ 
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SUBSIPgtOg or ORQAMIC SOILS IM tMt 
UPPSP gJgPOLADgS SiGIOt OP PLORIDi 


John C Stephens'^ and Lamar Johnson^ 


All organic soils lose surface elevation or subside when drained. This loss 
apparently continues as long as the lands are drained. The Florida Ever- 
glades» which contains the largest known body of organic soils in the world, 
has lost as much as 6 to 7 feet of soil in the Lake Okeechobee area since 
1912. The Fens of England contain deep peat soils which have been under pump¬ 
ed drainage for over 100 They have lost approximately one inch per 
year on the average (1)? In central California, about 200,000 acres of tule 
peat has been in use for many years with an average recorded loss of approx¬ 
imately two inches per year. 

The Everglades originally contained about 2,500,000 acres of organic soils 
but much of these are now very shallow and the deeper peat which now remains 
in the Upper Everglades comprises the main body of potential agricultural land 
in the Everglades area. This soil is particularly valuable for agricultural 
use and lies within an area containing approximately one thousand square 
miles, which has been designated as "The Everglades Agricultural Area" in the 
comprehensive Federal Flood Control plan for Central and Southern Florida. 
The soils within the boundary of this area have lost approximately forty per¬ 
cent of their original volume in the last forty years since drainage opera- 
tionii began. 

In making plans for the original drainage of the Everglades, apparently the 
main causes of subsidence were misunderstood. The original shrinkage of the 
peat due to drainage was considered, but the continuing losses by slow oxida¬ 
tion in drained peat were not taken into account. Had the true nature and 
rauses of subsidence losses been fully understood in the earlier days, the 
original plans might have been modified so as to have saved a large portion of 
the waste which has occurred since that time. 

The United States Department of Agriculture has made continuing studies on the 
nature and rate of soil subsidence in the Everglades since 1916. From these 
and other studies the nature of soil subsidence has been more definitely 
ascertained. The purpose of this report is to sum up progress made to date so 
that the latest information on the subject will be readily available to those 
interested in the development of the peat and muck lands in the Upper Ever¬ 
glades area 

These investigations can be divided into three mam parts. First, studies 
were made by running profiles at periodic intervals on established subsidence 
lines. These studies give the rates of subsidence that have occurred under 
the existing conditions. Second, studies were made on water table plots under 
conditions of controlled water levels. These have established the effect of 
water levels on subsidence losses by oxidation, helped determine the effect of 

^ Research Project Supervisor, Everglades Project, Soil Coaservation 
Service. 

" Assistant Chief Engineer, of the Central and Southern Florida Flood 
Control District, sad the Everglades Orsinage District. 

Figures in parentheses refer to *l.iterncure Cited." 
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different v^ater levels on the growth of various crops, and have established 
a scale of minimum rates of subsidence which can be expected in cropped lands 
under conditions of controlled water levels. Third, original levels from 
early surveys were compiled and compared with more recent surveys to determine 
the total subsidence loss over the whole of the Upper Everglades area. 

fnese studies show the rate of soil loss depends mostly upon depth to the 
Aater table; but, under equivalent conditions of drainage, the virgin peats 
•subside at a slightly higher rate than cultivated peats, and that the «ii- 
ieveloped peat areas in the Upper *Glades are suffering severe losses. Thus 
1C seems that to insure fullest returns from the remaining soils for the next 
50 years, an adequate water control system should be developed for the area as 
rapidly as practicable that will maintain optimum water levels and malle poss¬ 
ible the maximum production of food and fiber at minimum subsidence rates. 


HXSIOPT Of SOBSIDSfCS SIODISS 

In order to secure more definite information on the rate and amount of sub¬ 
sidence of organic soils in Florida following drainage, the United States De¬ 
partment of Agriculture began the location of profile lines over selected peat 
and muck areas within the State during the year 1915. This work was begun by 
Charles Okey, under the direction of S. H. McCrory, Chief of Drainage In¬ 
vestigations, Bureau of Public Roads. In 1931, drainage investigations were 
transferred to the Bureau of Agricultural Engineering, and again in 1939 to 
the Soil Conservation Service following reorganization within the Department 
of Agriculture. Since 1931, the subsidence investigations have been carried 
on under the direction of Lewis A. Jones, Chief, Division of Drainage and 
Water Control, Soil Conservation Service. 

Since 1<)33, subsidence and other studies relative to water control for agri¬ 
cultural lands in the Everglades have been conducted under a cooperative 
agreement between the Agricultural Experiment Station of the University of 
Florida and the Soil Conservation Service. In 1949, a Memorandum of Under¬ 
standing between the Everglades Drainage District, the Central and Southern 
Florida Flood Control District, the Florida Agricultural Experiment Station, 
and the Soil Conservation Service was put into effect so that investigations 
since that date have been made in mutual cooperation with all these agencies. 

The first profiles were run over the subsidence lines in 1916 and have been 
re-run at regular intervals thereafter. Additional lines were later esta¬ 
blished at the Everglades Experiment Station and around Lake Okeechobee to 
assist in a more comprehensive study. In April 1936, a mimeographed bulletin 
(2) describing the results of these studies up until that date was published. 

In 1934, water table plots were installed at the Everglades Experiment Station 
near Belle Glade and the subsidence studies extended on a field where the 
depth of the water table and other factors could be closely controlled and ob¬ 
served. These investigations continued into 1943 and gave data on subsidence 
taking into consideration such factors as depth of water table, absence of 
fire, bacterial activity, soil compaction, soil temperature, and type of cul¬ 
ture. In November 1942, a bulletin (3) containing a brief summary on these 
investigations prior to thet date was published by the State Agricultural 
Experiment Station. These investigations are also described in the various 
Annual Reports published by the Agricultural Experiment Station of the Univer¬ 
sity of Florida, Gainesville, Florida, and in reports by Clayton (4) and 
Neller (5). 
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From early surveys, the elevation of the surface of the Everglades has been 
obtained prior to any substantial drainage and subsidence. The earliest pro* 
files made across the Everglades were from levels run by the Office of Experi¬ 
ment Station, United States Department of Agriculture. This work began in 
1906 when levels were run from Fort Myers up the Caloosahatchee River to Lake 
Okeechobee. From a point on this survey, an additional line was continued in 
a southerly direction along the west edge of the Everglades to Brown s Store. 
Simultaneously, another party ran from Fort Myers southeasterly along the 
trail to Brown’s Store, where the two lines of level were **tied” and the ac¬ 
curacy checked. From Brown’s Store a line of levels was continued eastward a- 
cross the organic soils of the Everglades to a point near Pompano where it 
connected with another line run from Atlantic tidewater elevation to check the 
accuracy of the levels. These and other early surveys are described in Senate 
Document 89 (6). About 1912, levels were run by the Everglades Drainage Dis¬ 
trict along the location of the major drainage canals leading from coastaT 
tidewater to Lake Okeechobee. 

A topographic map showing surface elevations was prepared by the Everglades 
Drainage District compiled from surveys made about 1925. By this time consid¬ 
erable subsidence was found to have occurred along the canals as compared to 
original conditions in 1912, and the problem of soil loss was already receiv¬ 
ing attention from many of those interested in the agriculture of the Ever¬ 
glades (7). 

A contour map covering the area of organic soils was prepared by the Soil Con¬ 
servation Service from topographic surveys made during the period between 1939 
to 1942. This map resulted as a part of the intensive investigations made by 
the Everglades Project of the Soil Conservation Service under a specific ap¬ 
propriation by Congress to conduct research and demonstration work for soil 
conservation in the Everglades Region. These investigations included topogra¬ 
phic surveys, soil conservation surveys to determine the various types of land 
and their capabilities, and sub-surface investigations of the rock structure 
and ground water as related to water control in the soil. In connection with 
the sub-surface investigations, a map showing the approximate contours on the 
rock surface under the organic soils in the Everglades Region was prepared. 
These investigations are described in Bulletin 442 (8) published in 1948. 

In 1950, profiles and soil soundings were made by the Corps of Engineers over 
the proposed levee and canal locations in the flood control plan for the Ever¬ 
glades. The recent soil depth and surface elevations for the Everglades Agri¬ 
cultural Area were determined from this work. 

By super-imposing surface contour maps prepared from the 1912, 19.25, 1940 and 
1950 surveys over the rock contour map, the depths of the organic soils in the 
Upper Everglades was obtained for each date. It was found that the soil loss¬ 
es were greatest near the arterial drainage canals and that.in consequence 
"valleys*' had been formed adjacent to them. However, even in areas remote 
from the immediate drainage influence of the canals, it was found that lands 
not sufficiently drained for development had nevertheless suffered severe 
losses. This is presumed to be due to the slow bleeding away of water by the 
canals as well as the diversion of surplus water in Lake Okeechobee to the 
Atlantic and Gulf. In early days, the overflow from the Lake drained into the 
Everglades during wet periods. 
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SOILS or iss upriR sysrgladss 


The organic soils of the Upper Everglades agricultural area have been divided 
into four types which have been described in detail in Bulletin 442 (8). 
These are Okeechobee muck, known locally as "bustard apple"; Okeelanta peaty 
muck, or '*willow and elder"; Everglades peaty muck; and Everglades peat, or 
"sawgrass land." 

All the organic soils are dark brown to black in color. They were formed un¬ 
der marsh or swamp conditions by the partial decay of plant materials, with 
some admixture of mineral material in the case of the muck. Peat consists of 
65 percent or more of organic plant remains, with a correspondingly smaller 
percentage of mineral matter. Muck contains 25 to 65 percent of organic mat¬ 
ter mixed with sand, silt, and clay (9). Peaty muck in this area is usually a 
thin layer of peat over muck, or interstratification of peat and muck as in 
the instance of Okeelanta peaty muck. The peat and muck soils differ from 
each other in the kind of plant material from which they were formed, in 
depth, and in the nature of the underlying material. These soils may rest 
directly upon limestone or on an intermediate layer of sand or marl. These 
differences, especially depth of the peat or muck and the characteristics of 
the immediately underlying material, largely determine the capability of the 
land for farming and the economic feasibility of the establishment of adequate 
water control. 

Okeechobee muck is a nearly black mixture of organic material and fine mineral 
soil that may be as much as 4 feet deep, underlain by brown fibrous peat. 
Deeper alternations of peat and muck layers may be present. An area of ap¬ 
proximately 32,000 acres of this type soil is contained within the Everglades 
agricultural area occupying a belt surrounding the eastern and southeastern 
margin of Lake Okeechobee, This soil supported an original growth of custard 
apple trees, hence, the local name of "custard apple muck" for the soil type. 
It was early recognized as the best of the soils in the area and supported the 
earliest agriculture around the Lake. The organic portion of the soil appears 
to have been formed from the remains of succulent aquatic water plants which 
commonly grow in deep water, while the mineral content is probably due to its 
close proximity to the Lake and the deposition of fine sediment during over¬ 
flows. The ash or mineral content varies from 35 to 70 percent of the oven- 
dry weight and the density is higher than the other organic soils in the area. 

Okeelanta peaty muck consists of 6 to 18 inches of finely fibrous, well decom¬ 
posed organic matter over a layer of black plastic muck which contains from 
IS to 35 percent of mineral matter, and resembles Okeechobee muck. It borders 
the Okeechobee muck on the south and east and originally supported a growth of 
willows and elders. There are approximately 26,000 acres of this soil type 
within the area. It lies directly over hard limestone and most if it is still 
over 5 feet deep. In many areas cultivation has now entered into the top 
plastic layer. 

Everglades peaty muck contains somewhat less mineral material than Okeelanta 
peaty muck or from 10 to 15 percent. It is usually lacking in the sub-surface 
layer of black plastic muck and the surface layer rests on brown, fibrous 
feltv peat, although some of it grades towards Okeelanta peaty muck. The 
total area is approximately 35,000 acres of which nearly one-third is under¬ 
lain by sand. 
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By far the most extensive type of organic soil in the area is Everglades peat, 
the soil of the broad sawgrass plains, which occupies approximately 540,000 
acres within the Everglades Agricultural Area. The upper 6 to 18 inches is 
an almost black, finely fibrous peat which contains from 8 to 15 percent 
mineral matter. The subsoil is a brown, undecomposed, finely fibrous peat 
which rests on the underlying rock, sand, or marl. It has been formed mainly 
from sawgrass material. Originally the entire profile was a brown, fibrous 
mass in which the partially decomposed sawgrass roots were readily distin¬ 
guished. The roots are predominantly aligned in a vertical position which re¬ 
sults in a soil structure that permits rapid movement of water vertically but 
more slowly laterally. After drainage the exposed layer becomes oxidized and 
weatheted which gradually transforms the top soil into a black oxidized con¬ 
dition. When cultivated, the top layer changes into an amorphous mass, the 
density increases, the color darkens, the seepage rate decreases, and the top 
soil is transformed into a mucky condition. The saturated peat is slightly 
heavier than water, and when drained the water retained is equal to approxi¬ 
mately three-fourths the total weight of the field sample. After a period of 
cultivation the density of the upper 18 inch layer of the soil will approxi¬ 
mately double that of the underlying material; the oven-dry weight increasing 
from about 8 lbs. to 16 lbs. per cubic foot. This increase in density is 
accompanied by a corresponding decrease in volume; however, in subsidence of 
this nature there is little loss of actual soil material; the loss in surface 
elevation being due to compaction and structural change. 

Northeast of West Palm Beach Canal from Lake Okeechobee to Twenty>Mile Bend 
IS an old slough in which the peat is believed to have been originally formed 
partly from water plants and was of a less dense structure than the Everglades 
peat. However, as a result of partial drainage for a number of years, it has 
become denser and can scarcely be distinguished from Everglades peat. The 
deepest soils in the area occur along this old slough. 


''AOSSS Of SUBSlDStCK 

Loss of surface elevation or subsidence accompanying drainage of organic soils 
in the Everglades is due mainly to slow oxidation from biochemical action, to 
burning, and to mechanical compaction. Minor losses have occurred from 
shrinkage due to drying and loss of the buoyant force of water in the drained 
layer. Wind and water erosion has had little effect in this region. 

The most serious and continuing loss is due to slow oxidation caused by the 
action of aerobic bacteria. These organisms are active only in the aerated 
zone and the rate at which the soil subsides due to their action depends 
primarily upon the depth to the water table; hence the higher the water table, 
the less this loss. Such bacteria belong to the saphrophytes which live on 
dead or decaying organic matter and begin their assault upon the peat when the 
water level falls appreciably below the surface. In the presence of oxygen 
they convert the organic matter into carbon dioxide gas. This gas has been 
collected and measurements show that the amount of gas eyolved from the peat 
soil was directly related to the rate of loss of soil mass (10). Temperatures 
seem to regulate the activity of the bacteria and it appears that the sub¬ 
tropical climate of the Everglades increases the rate of soil loss as compared 
to losses for organic soils in the n 9 rthern states under conditions of similar 
drainage. There also seems to be little doubt that the rate of oxidation is 
related to the amount of air movement within the drained zone. It has been 
noted that whenever the soil surfaces are sealed in the peat soils, the sub¬ 
sidence materially decreases. Thus, paved roadways and concrete tennis courts 
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in the Everglades which have been constructed for a period of 10 years or more 
now stand a foot or more higher than the immediately surrounding lands. 

Loss in elevation is most rapid during the first five years following drain* 
age and cultivation. The virgin Everglades peat is about the same density 
from top to bottom prior to drainage, but after 10 years of farming the top 18 
inches increases in density to about double that of the peat beneath. A large 
part of this loss is due to*compaction during farming operations. If virgin 
peat is drained but not put to use, the samples taken from these unused lands 
show the top aerated zone has developed a spongy texture and there has been an 
actual loss of soil mass greater than that on adjacent farmed areas (11). 
Whenever such land is later put to cultivation the loss in^soil mass and in 
depth is greater than the adjacent farmed area provided they have had equal 
drainage. Thus, peat lands once drained should be put to use as soon as 
possible to achieve the maximum potential production and benefits. 

Soils in the Everglades are also destroyed by burning. Loss from fire is more 
spectacular and arouses public interest far more than the loss caused by 
natural oxidation; yet, in the long run, the relentless toll of the invisible 
hosts of organisms results in a much greater total soil loss than from fire. 
Sawgrass fires sweep over the undeveloped ’Glades almost annually. They do 
little permanent soil demage until dry periods when the water table sinks from 
18 to 24 inches or more below ground and the peat becomes dry enough to burn. 
Once this occurs, the heat of combustion dries out the moisture from adjacent 
soils and they become very difficult to extinguish. In the more remote areas 
of the Everglades they may reach such proportions as to defy man’s attempts to 
control them and continue to burn until heavy rains occur. In farmed lands, 
and accessible locations, such fires are usually discovered early and extin¬ 
guished before they can do much damage. 

’Blowing'*, or the removal of soil by wind erosion, which may be serious in 
other localities, accounts for practically no soil loss in the Everglades 
region since this area is so large that soil blown from one field is simply 
deposited on surrounding fields. 


SUBSIDSfCS LXtS SflTDlSS 

The following graphs with the accompanying descriptions have been prepared 
from information obtained by periodic leveling over the various profile lines 
and show the lowering of ground surface with respect to time. In these cases, 
it is impossible to determine what portion of the total loss is due to each of 
the causes mentioned in the preceding discussion, but it appears certain that 
slow oxidation of the drained peat was the principal cause. Some elevations 
of the water table sere obtained but the average elevations and fluctuations 
are not known. The results show only the total losses from all causes. 

Fi,gure i. {Line PRO /t. north of Bollee Canal at Okeelanta,) 

This line is located in an area in which the soil is predominantly Okeelanta 
peatv muck and had gravity drainage prior to 1942 at which time pumps were in¬ 
stalled. The west half of the line was in fallow prior to 1936 while the east 
half was in cultivation from one to three year periods prior to 1922. Spora¬ 
dic plantings of truck crop followed the installation of pumps in 1942 until 
he present. This area has been burned over several times, but a comparison 
of land surface elevations with adjacent unbumed lands shows that the loss in 
elevation due to fires is only a small part of the total loss in elevation. 
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'Ihis line showh the relative rapid initial subsidence, the decreasing rate 
under gravity drainage as the ground surface sank andvdrainage was impaired, 
and the consequent increase in subsidence rates after the installation of 
pumps in 1*^12 

figure (Line below (Jouth Bay lockj neai Onc-Mtle Post on forth feu five 
Canal I 

This line is located in an area in which the soil is Okcelanta peaty muck and 
had gravity drainage prior to the installation of pumps in 1927 by the South 
Florida Conservancy District. Ihe land in this area was not used for crops 
until after the installation of pumps. Since that date, it has been generally 
planted to cane and truck crops. The normal pattern of very fast sinking of 
the surface with initial drainage, a leveling off as gravity drainage de> 
creased, the increase in rate with increased drainage due to pumping installa¬ 
tions, and the steady loss of surface elevation thereafter is seen. 

figure 3. (Line near south shore of Lane 0 keechobee at South Bay.i 

This line is located in Everglades peaty muck and had gravity drainage prior 
to 1927 at which time pumps for the area were installed by the South Florida 
Conservancy District. Approximately half of this line was in cultivation from 
1914 to 192P, and nearly all of the area traversed by the line has been in 
cane and truck crops since 1927. As far as is known, none of the land in this 
area has ever been seriously burned. The early initial subsidence loss, the 
leveling out period during the latter phase of gravity drainage, the increase 
in subsidence due to pump drainage, and the relatively consistent losses 
afterward are illustrated by this line. 

figure U. (Line on taun at txperiment Station B5 ft, east of punp ditch, sta¬ 
tion 0 f 50 to 3 f 50, i 

This line is located at the Everglades Experiment Station’ on Everglades peat 
covered with a thick sod of St. Augustine grass and has had controlled drain* 
age for the entire period of observation. The area was covered with grass 
approximately 14 years prior to establishment of the subsidence line. It has 
not been compacted by grating or rolling, and soil samples show that a spongy, 
open textured structure has developed in the aerated zone. Loss of soil mass 
has therefore been more than that indicated by loss of surface elevation as 
shown on the graph. 

Figure 5, (Line on lawn at SxPerinent station 95 ft, west of front porches on 
residences. Station I / 75 to 6 25,) 

This line is located on Everglades peat covered with a thick sod of St. 
Augustine grass and has had controlled drainage for the entire period of 
observation. This area was also covered with grass for approximately 14 years 
prior to establishment of the subsidence line. For all practical purposes, 
this line duplicates that shown in Figure 4, and density samples show the same 
open, spongy texture as described for that line. 

Figure 6, (fell line "B" at SxPerinent Station, Station 0 ^ QO to it p- 75, 
exclusive of ditch banks,) 

This line is located at the Everglades Experiment Station on Everglades peat. 
The northern half has been in pasture and the southern half generally planted 
to truck crops. The area has had controlled drainage for the period of obser¬ 
vation and had been planted to truck crops for approximately 14 years prior to 
establishment of the subsidence line. The water table for this line has been 
comparable to that for the lines shown in Figures 4 and 5» It should be noted 
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Titur hoAing the relalive rapid initial subsidence the decreasing rate nder gravity 

dr img a th gro nd rface sank and drainage «as impaired and the consequent 
in rea in :iab<iidence rates after pumped drdinage on Okeeianta peaty mick 
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Figure ** Tne norral pattern of faat sinking of the surface »ith initial drainage a lereling 
off aa gravity drairage decreases an increase in rate with increased drainage due 
to pumping and tie tea ly Ic s of surface delation thereafter is seen Soil is 
OKeelanta peity nu k 
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figure 3 The normal subsidence pattern is again illustrated by this g] 
Frcrglades peaty muck As far as is kno»n none of the land 
ha** ever been eriouslv biried 
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Fij.ure 4 Subsidence on ungrazed sod Soil samples taken in the upper layej^ 

sho* that a spongy open textured layer has developed in the drained 
zone «ith considerable loss of soil mass 
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Figure 5 This line, for all practical purposes, duplicates that shown 
in Figure 4 Density saoples show the same spongy texture. 
There are some indications that subsidence rates on sod lands 
are reduced by grazing and compaction of the surface 
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Figure 6 The water table for this line has been comparable to that of the 
two preTious lines However, this land has been in truck crops 
and pasture Soil samples show that loss of soil mass is less 
chan from che unerased sod areas 





that the average subsidence rate along this line is slightly lower than for 
the two previous lawn lines Further the soil samples from this line showed 
increased density in comparison to these lines Ihe sealing effect of culti* 
vation on the cropped lands has apparently decreased the rate of Loss of soil 
mass as compared to the uncultivated areas 

figure 'f (Veil line A at Sxper %ent Station ) 

This line is located in Section 10 at the Everglades Experiment Station on 
Everglades peat with virgin growth prior to 1940 The area received only fair 
drainage by perimeter ditches until 1940 when small farm laterals were dug 
The south half or Reach A', has been undeveloped and in sawgrass and elders 
during the period of observation The area traversed by the north half of 
this line, or Reach B , was undeveloped until January 1944 when it was 
planted and disced Lateral drainage ditches were dug in January 1945 Tne 
steady rate of subsidence along Peach A and the increased rate of subsidence 
along Reach B due to cultivation is illustrated by this line 

figure 8 (aas* line at gxperinent Station i 

This line IS located on Everglades peat at the Everglades Experiment Station 
and was originally established in 1927, but original notes were lost The 
line as reestablished in 1934 is representative of land that has had its 
initial subsidence from cultivation and drainage It has been planted con¬ 
tinuously to truck crops with controlled drainage for the period of observa¬ 
tion, and possibly represents average subsidence conditions that prevail on 
lands planted to truck crops in the Everglades where flood fallow is not 
practiced 

figure 9a (Vedgeworth’^ Raoul Parns - forth and South line t-jt or 0 ^ 00 
to Station 9 / 90 J 

This line IS laid out at right angles to drainage laterals on Everglades peat 
soil that was in virgin sawgrass until 1938 The area was plowed disced and 
in cultivation from 1938 through November 1940 The area was converted to 
pasture between 1940 and 1943 and was in pasture through 1918 

figure 9b (eedg evjorth” Raoul farns - Sorth and South line *a*ior ij / 00 
i-o 20 ^ 00 } 

This line is at right angles to drainage laterals on Everglades peat soil that 
was in sawgrass until 1937 The area was cultivated intensi\eiy for truck 
crops (celery and beans) through 1948 

figure 9c {Vedgeworth-Raoul farns - Sa^t and Vest line Stat or c ^ CO to 
9 f 50 } 

This line is located on Everglades peat soils that was in virgin savgrass un¬ 
til 1938 The area was plowed, disced and brought into cultivation with a 
fair degree of drainage from l^^SS through November 1940 The area was con¬ 
verted to pasture between 1940 and 1943 and was in pasture through 19^8 

figure 9i (Vedgeworth Raoul farns - Station JO / 50 *o 23 ^ 00 J 

This line is located on Everglades peat soil that was under sawgrass with 
moderate drainage until 193'^ The area was put into cultivation in 1937 for 
potatoes, in 1938 for potatoes and gladiolus, for celery ii 1939 for celery 
and spring crop beans in 1940 to 1946, and was idle from 1946 to 194') The 
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Figure 9b This land adjoins that represented in 9a but has been in truck crops 
continuousl> through 1948 whereas the other area was conrerted to 
pasture between 1940 and 1943 and remained so through 1948 
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The period of observation on the preceding group of lines has been too 
short and density tests have not been made so there is as yet insufficient 
data to judge whether or not these grated pasture lands will continue to 
subside at slower rates than the other lands 



arta wa T ative grass pasture lightly grazed from 1*^47 to present Compare 
figures ^a against and 9c against 9d It will be noted that when Lines 
A and C were put into pasture and grazed the subsidence rate decreased 
nateriall^ a compared to the adjacent reach which was in truck crops How 
ever the period of observation has been too short and density tests have noe 
been made so that there is as yet insufficient data to judge whether or not 
t(is t\pe culture mav olfer an effective means of reducing subsidence rates 
anv appreciable extent 

f gu € * ne * at liberty Point } 

This line is located on Everglades peaty muck and the area it traverses Kad 
Its initial subsidence prior to beginning of observation This line is 
believed representative of cane land with average water control 

re Jane ’’Ionia } 

This line i located near Davie Florida and was laid out on Everglades peat 
over sand The area received drainage by one of the first pumping stations 
installed in the Everglades Region in 1911 Pumping was discontinued by the 
old Oavie Disc ict about 1^16 The completion of the Lame Cut off Canal 
shortly therea ter furnished sufficient gravity drainage and in 1920 this 
area was incorporated into the present Broward Drainage District From 
'istation 11 / 0*^ to 0 / 00 all but OQO feet has been in cultivation for one or 
more seasons bince 1933 approximately 1 000 feet of the line has been em¬ 
braced witftn an orange grove From station 0/00 to 14 / OO the line has 
been covered b> a school yard and an abandoned orange grove and in many 
places along this portion of the line there are now areas of bare sand 
While not in the Everglades Agricultural Area this line is shown because it 
illustrates the fact that the subsidence of peat continues under drainage un 
til the unde lying material is reached 

¥sjr AL SoJJSa OS CJPTHOLLiD ki^gp lABLE PLOTS 

In 1934 at the Everglades Experiment btation a field of Everglades peat was 
divided into eight blocks each 100 x 240 feet These blocks were surrounded 
by a svsten of ditches and check dams whereby the water table could be con¬ 
trolled at any desired level under each block This was accomplished by 
means of two 1 OOO gpm electrically driven pumps with automatic float controls 
ivhich pumped the water from the block of the lowest water table to that of the 
highest f'^om where it passed successivelv over check dams to each of the 
lower level*: Both mole drains and tile drains were provided to aid in keep 

ing levels as uniform as possible under each block Overhead spray irrigation 
was install d on two of the blocks to supply water by this method during dry 
seasors A grouid water observation well and a recording ground water gage 
connected b> underground tubing were installed on each block Figure 12 is a 
plan drawing showing the arrangement and layout of the water table field 
Each block was subdivided into three equal divisions and planted to different 
crops as shown on plots 4 and o Figure 12 

In 1934 the blocks were uniformly cropped and the water level held at the 
same level under all blocks to determine field variability Precise levels 
were run ove’' the entire field to obtain the average ground elevation of each 
block and the adjacent area The prescribed water levels were established in 
November 19*’^ 

The Durpo^** these experiments was to determine the effect of the water 
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Figure 10 This graph shows loss of surface elevation typical of Lverglades peaty 
muck lands planted to sugarcane The area was in cultivation prior to 
establishment of the profile line in 1935 and the average rate of soil 
loss has been about one foot in 12 years since that date 
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Figure II This line was originally laid out on Everglades peat over sand In some 
places along portions of the line, the peat has entirely disappeared with 
only the bare sand exposed 




i-agure 12 Showing the layout and arrangement of the field at the 
Everglades Experiment Station on which the experimental 
studies on controlled water table plots were conducted. 
One-third of each plot was planted to cane, to truck 
crops, and to grass as indicated. Water levels were 
held at various predetermined depths under each plot. 
Precise levels and soil analyses showed that loss of 
the peat soil depended almost directly upon the depth 
to the water table 
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table on the subsidence of peat under controlled conditions and to study the 
effect of different water levels on the growth of various crops. During the 
first two years the water tables were held at levels varying approximately 
inches between plots and about 6 inches between plots for the remaining years 
Overhead spray was used on plots 1 and 8 to raise the water levels during the 
dry part ol the year ana the water in the variable plot, No. 7, was raised to 
within 6 inches of the surface and quickly lowered once each week except dur¬ 
ing wet periods. These studies were concluded in early 1^43 at which time the 
surface elevations Sad declined from 6 to 14 inches for the various blocks 
below their 1035 level. 

Table 1 tabulates the results of the studies showing the relationship of sub¬ 
sidence to the depth of the water table. 

It will be noted that the portion of the plots planted to cane subsided less 
than those portions used for truck and grass crops. However, Clayton (12) has 
stated that this difference may be accounted for by the relative densities of 
the upper portion of the soil on the different plots and that it is doubtful 
if there is any appreciable difference in the rate of subsidence for the crops 
grown. Levels in the blocks where the water table was to be maintained deep¬ 
est coula not be held at these predetermined depths because of inability to 
keep the levels lower after the surface subsided as can be seen by inspecting 
the decrease in average depth of water table from year to year for plot number 
t>, Tabie 1. 

The significant and most important results from these studies are summarized 
by the graph, Figure 13, showing the average annual subsidence per year as 
compared to the average depth of the water table as compiled from the results 
shown in the last column of Table 1. This figure illustrates very strikingly 
that, disregarding the top few inches of soil, the rate of sabs^dence is 
dependent upon the depth of water table* The higher the water table, the less 
the loss of soil and vice versa. 

Inasmuch as change in density, as well as loss in surface elevation must be 
measured to determine true soil loss, samples were obtained annually to deter*> 
mine the loss in soil weight and the increase in ash content of the soil layer 
above the water table. Equipment was also installed which provided for the 
collection of soil gasses which were analyzed for CX)^ gas. the by-product of 
biochemical oxidation. The methods used and results obtained have been des¬ 
cribed in detail by Neller (10) who showed that the rate of oxidation as 
indicated by the production of COg depended strikingly upon the height of the 
water table. Neller’s work corroborated that the predominant factor in loss 
of soil mass in organic soils is the depth to water table. Thus, for soil 
conservation, water levels should be held as high as is compatible with crop 
production and field accessibility. 

The controlled water table experiments show that good farming and better 
controlled farm water levels can result in increased prouuction of crops at 
higher water levels than that now generally maintained on cropped areas, with 
consequent decrease in the present rate of soil losses. A brief outline of 
the results of these experiments as reported in the Annual Reports of the 
Florida Agricultural Experiment Station indicates for truck crops a water 
table of from 18 to 25 inches is optimum. Celery seems to do best at an 18 
inch water level, while most ocher vegetables, such as beans and potatoes, 
grow better at a water level of about 24 inches. Pastures have produced well 
on water levels of 18 inches and even less when once established. Corn seems 
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Figure I'i This sho«r:> very striking^ that tie rjtr aukciuence for organic soils i<; 

dependent upon the depth to the wat r table The higher the water table* the 
lower the soil loss and vice versa Obviously the water table should be held a« 
high as crop and field requireraent« will (ertnit to prolong the life of these lands 







Lo do btst on a lower water level of 21 to 10 inches The tolenncc ol suga 
cane to high water levels was found to vary considerably with the variety 
some producing better at high levels ind others at low This is no doubt true 
to some extent with other crop verities as well 


From the graph Figure 13 showing annual rate of subsidence and the preceding 
crop level requirements the rate of soil loss under controlled farm levels i 
given below 


Culture 


Best \\ater 
Level 


Annual Loss 
in Inches 


V; ears dequi red 
to lose 1 foot of peat 


Pasture Grasses 

TrucK 

L.orn 


(11 to la) 
(la to 24) 
(21 to 30) 


3/1 to 1 
1 to 1-1/2 
1-1/2 to 1-7/8 


P to 16 yrs 
8 to 12 yrs 
7 to 8 yrs 


On lands where seasonal crops are grown it is feasible to practice flood 
fallow whereby the land is covered by water during the period of no cultiva¬ 
tion This practice has been used in the past primarily for pest control 
Obviously Its wide spread use would add many years to the life of the peat 
soils 

From the results of the controlled water tablt experiments it is believed 
that the rate of soil loss to be expected over the whole of the cultivated 
area will average 1 foot tr i) y jrj, iftei the initial subsidence through 
conpaction has occurred 


/I?"! 03^ -iiM b'^COnS - 19i'> TO 1950 

Past history of subsidence in the deeper organic soils of the upper Everglades 
is a sad picture of misunderstanding of the problem and abuse of the soil 
through bad drainage practices The failure to reclaim and develop the Ever¬ 
glades in progressive units has resulted in great soil losses that could have 
been largely prevented 

The earl> concept for the reclanation of the Everglades was the extension ol 
the several short coastal rivtrs through the Fverglades to lake Okeechobee 
"^uch a plan proposea to reclnim the whole of the Fvergladcs as well as to con¬ 
trol Lake Okeechobee It was soon found that the control of Lake Okeechobee 
could not be accomplished by the Fverglades canal system and other control 
channels were constructed leaving the original canal s>stem to serve the 
hverglades lands The inadequacy ol this system to prevent fluoiint and agri- 
ultural loss in the Lvtrglides is well known The elfectiv ness of the csnal 
s/stem in cvcrdraining the organic soils of the Fvergladcs, et}.(ciall> the 
oils not used for agricultural purposes is not so well known 

The rrost striking presentation of the elfects ol this overdrainagt is best 
shown by a comparison of the original depths of organic soil with intervening 
periods and with the present depths V^hile data is not complete for the re¬ 
construction ol the soil depths by short periods information was available 
for reconstruction by longer periods These will be discussed chronological1> 
hereafter 

The area reconstructed was the total area of organic soils within the Ever- 
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glades Agricultural Area as previously described This is an area of ^87 
square miles of the larger 1018 square miles proposed to be protected by 
levees and drained by primary pumping plants. Maps hereafter referred to, 
showing the organic soil depths at various periods of time, indicate this 
smaller area. 

Original Soxl Depths - 1912. 

It IS assumed that before the construction of the Everglades canal system by 
the Everglades Drainage District, the organic soils were at their maximum 
depth. Data is available from the early canal surveys to reconstruct these 
original and maximum organic soil depths with reasonable accuracy. These 
depths of organic soil to underlying rock or mineral soils are shown on Figure 
11 . 

It will be noted that the organic soil depths ranged from 5 feet near Miami 
Canal at Palm Beach • Broward County Line - to 17 feet'near Lake Okeechobee 
north of West Palm Beach Canal. Depths of soil decreased generally from north 
to south, feathering cut along the mineral soil borders of the Everglades. 
Generally, the deeper organic soils of the Everglades fill the old floodway 
channels along the east and west margins. 

Intermediate Period After Drainage - 1925. 

By this time, more data are available from which to reconstruct the soil 
depths in the area. Everglades Drainage District had compiled a topographic 
map showing the contours of the area based on the data obtained from the sur¬ 
veys connected with the construction and proposed expansion program of the 
canal system. The Department of Agriculture was well along with the studies 
on subsidence lines, adding valuable spot information on soil elevations and 
depths. The organic soil depths at this period are shown on Figure 15. 

The major change since the beginning of drainage was a general subsidence of 
the whole area. The definite subsidence valleys along the arterial canals 
were not as well defined as in later years in most instances. 

Intermediate Period After Drainage - 19U0, 

The surveys of the Soil Conservation Service, previously described, resulted 
in the most complete topographic map to this date. These surveys also pro¬ 
vided a contour map of the underlying rock and mineral soils. These eleva¬ 
tions were the basis for the reconstruction of the soil depths as applied to 
earlier surface elevation data. Soil depths in 1940 are shown in Figure 16. 

The subsidence valleys so evident along the drainage canals were more pro¬ 
nounced during this period than they probably will be again. The area as a 
whole continued to subside but the effects of overdrainage was being empha¬ 
sized along the canals. More of the area was being cultivated, making greater 
demands upon drainage that resulted in excessively low canal regulation. 

The Present Period - 1950. 

Surreys by the Corps of Engineers in connection with investigations for the 
works of the current flood control plan supplied the information for the 
determination of soil depths at this period. They also confirmed the under¬ 
lying rock and mineral soils elevations reflected by earlier surveys. Figure 
17 shows the present depth of organic soil. 

It is notable that the general loss for the past ten years has been approxima¬ 
tely one foot. Drainage regulation during this period was not as favorable to 
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Figure 14. Map of the Everglades Agricultural Area showing the depth of 
the peat and muck soils in the year 1912 prior to drainage. 
Depth of underlying material is shown in feet. 
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Figure 15 Soil depths for the year 1925, the intermediate period after 
drainage is shown 
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Figure Soil depths in the area as shown by the surveys of the 

Soil Conservation Service in 1940 
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Figure 17. The present period > 1950. This map prepared from recent surveys 
shows a total loss in soil volume within the studied area of 40 
percent since drainage in 1912. 
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the conservation of the soil as desirable, but, particularly during the latter 
half of the period, a conscientious effort was made to hold water levels as 
high as practicable in the arterial canals during the dry seasons within the 
limits possible using existing control structures. Many farmers and ranchers 
were becoming conscious of the relationship of water tables to soil losses 
and, with improved local drainage facilities were losing their fear of flood¬ 
ing under normal conditions that in past years had influenced the practice of 
overdrainage as a crop protective measure. 

The subsidence valleys along the arterial canals are not quite as pronounced 
as in 1940, probably due to generally higher regulation of the arterial canals 
in the dry seasons during this period. However, soil losses in the higher un¬ 
developed lands between the canals continued at about the expected rate. The 
ominous part of the'present picture is the evident creeping northward, from 
the southern boundary of the area, of the spreading range of shallower soils 
that do not justify development for long terra use 

Suanary of Area Subs%dence fro% the Original Condition to the Present 

lorty years of almost uncontrolled drainage and development has taken its toll 
of the organic soils of the Everglades Agricultural Area. Of the original 
depth, approximately three feet has been lost in the vicinity of Miami Canal; 
seven feet has been lost from the area near Bolles and North New River Canals; 
and five feet from the deep peat area north of West Palm Beach Canal near Lake 
Okeechobee. The total volume in the studied area has decreased by 40%. 

The losses in the undeveloped lands ha*'c occurred to almost the same degree as 
in the lands in cultivation. Fires have been a contributing hazard in the 
wild lands where they were very difficult to successfully combat. It is 
apparent that a continued loss from both cropped and undeveloped lands is in¬ 
evitable under present and foreseeable land use and water control practices. 
As heretofore stated, the average probable rate of loss will be approximately 
one foot in ten years. 

The certainty of continuing soil losses in the organic soils of the Everglades 
must be squarely faced. In order that the facts pertaining to the future of 
the area be available for the general information of the public, it is be¬ 
lieved desirable to project the subsidence picture into the future. This will 
be presented hereafter, based on the known factors influencing subsidence, 
assuming certain conditions of land development and use. 


PRSDICTSD SUBSIDSfCB - 1950 to 2000 

Based on the known factors of subsidence, the future of the organic soils, as 
to their years oi usefulness, can be estimated with reasonable accuracy. The 
subsidence picture will be extended by ten year periods to the year 2000 A.D., 
beyond which period the value of such extension will be apparent. 

The Hear future Period - I960, 

It has been assumed that by 1^60 the entire Everglades Agricultural Area will 
be under dike and pump and developed for agricultural purposes. By using this 
assumption, the lands now in use and under pump should continue to subside at 
the average rate of one foot in ten years. However, the present area of wild 
lands, assumed to be placed in cultivation by 1960, will take an initial 
subsidence of approximately six inches soon after being placed in cultivation 
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in addition to the normal rate, or a total of about eighteen inches for the 10 
year period* This initial loss, inevitable in converting wild land to agri¬ 
cultural use, was taken over the entire area prior to 1960 to simplify long 
range projection of the subsidence losses, hegardless of when this initial 
loss is taken, the end result is the same. 

By the end of this period the area of lands having only short term agricul¬ 
tural use 15 noticeably spreading northward into the heart of the area. The 
margins of peat soils lying over mineral soils is shrinking toward the center 
of the organic soils area. The area, as a whole, by 1960, however, is still 
largely capable of sustaining long term agriculture and the growing of crops 
requiring mole drainage practices. The soil depths at this period are de¬ 
picted on Figure 18. 

The situation mentioned above, of the shrinking of the organic soils from the 
mineral soil margins of the Everglades, is not a serious factor. Vlfhere these 
mineral soils have depth, their continued use and productiveness is almost 
unlimited. It is where the organic soils are immediately underlain by rock 
that subsidence is the determining factor of the length of the land's pro¬ 
ductiveness. 

As the organic soils over rock become shallower, there will be the necessity 
of deepening the farm drainage ditches into the rock. This is believed to be 
entirely within the economics of the land’s productiveness. However, when the 
organic soil has subsided to a point where it does not have sufficient depth 
to permit mole draining, it can only be used for more water tolerant crops. 
The soil use under these conditions may still be economically feasible, lichen 
the soil depth has subsided to only one foot above rock, it is questioned that 
this depth of soil over dense rock can be maintained below the saturation 
point sufficiently to be used economically. Further, a real difficulty will 
arise when the necessary water table for a particular crop falls below the 
surface of the rock when the supply will be lost by capillarity to the peat. 

Successive future Jnternedtate Periods - 1970, 1980 and 1990 

These periods have been treated as a group because there is no particular 
reason to differentiate between then. The area continues to subside as a 
whole and the margins over mineral soil to shrink inward. These several 
periods are shown on Figures 19, 20 and 21 

By 1990, much of the area will probably be too shallow in soil depth to 
support an economical agriculture. A larger part will be of such shallow 
depth that mole drainage will be impracticable and agricultural use will be 
limited to pastures and water tolerant crops. The organic soils suitable for 
so-called long range development will be restricted to a small area north of 
the Mest Palm Beach Canal and a small acreage along the narrow rim of higher 
mineral soils that border Lake Okeechobee. 

The Period - 2000 

By this time most of the Everglades Agricultural Area will have subsided to a 
degree where it is doubtful that economical agriculture can be supported 
generally. Some agricultural use on a normal scale will still be possible on 
small areas north of the Y^est Palm Beach, south of the Cross Canal and near 
the rim of Lake Okeechobee. The detailed contours showing this small area 
bordering Lake Okeechobee does not appear on any of the plates of the Ever¬ 
glades Agricultural Area as it is too small to be shown at the scale of the 
plates. 



Figure 18 Predicted soil depths for 1960. The following group of maps 
show the probable depths of organic soil which will remain 
as subsidence continues in accord with the rates outlined in 
the text 
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Figure 19 Predicted soil depths for 1970 The soils will continue to 
subside so that a large part of the area will be unsatis¬ 
factory for mole drainage which requires peat soils in ex 
cess of 3 ft depth 
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Figure 20 Predicted soil depths for 1980 The soils will continue to 

lose depth as a whole and the margins over mineral soils will 
shrink inward noticeably A good portion of the area adjacent 
to the lower Miami Canal will probably already be below plow 
depth 
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Figure 21 Predicted soil depth - 1990 A considerable part o£ the area 
will be 80 shallow in depth that agricultural use will be 
limited to pasture and water tolerant crops, and a large part 
will be too shallow to support an economical agriculture. 
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Hguff 22 shows the estimated soil depths of the Everglades Agrirulturai Ana 
in the year 2000 It is evident that by this time a large part of the area 
will have been abandoned This abandonment of large areas may increase the 
problems on lands still struggling to produce crops and may hasten the aban¬ 
donment of practically all of the central part of the area It is almost 
ctrtain by this time that it will not be economically feasible to have water 
control oi the whole of the area which is also a factor contributing to 
Jtinal abandonment 

junvary of Arta Subs tdencd from the Present Date to 2000 A D 

It IS unquestionable that, in the light of expected subsidence and probable 
land use practices the agricultural life of the organic soils in the Ever¬ 
glades Agricultural Area will be almost ended by the year 2000 An aroused 
consciousness of the seriousness of the problem and better maintenance of 
water table practices may somewhat add to the soil life locally, but xn 
general, large scale abandonment by approximately the year 2000 is the logi¬ 
cal result that can be expected 

SJUMA^T niSCLSSIOS OP oUBSIDfllC’' 

Observations and analyses of area subsidence, subsidence lines and controlled 
subsidence plots definitely prove the certainty of soil loss associated with 
agricultural use of organic soils or non-use of those soils, if drained and 
the relationship of the ground water table to that loss Accepting these 
losses, it IS timely to review the effects and plan future land use practices 

Figure 23 shows the location of typical cross-sections of the area which are 
shown on Figures 23 and 24 Study of Figures 23 and 24, indicates that as a 
whole the peat soils have subsided at a more or less uniform rate This same 
pattern of subsidence may be expected in the future Analyzed for periods of 
thirty years, as shown on the figures referred to above, the approximate total 
loss in cross-sectional area from the original for each period is as follows 

1912 None 

1940 32% 

19''n 66/6 

2000 88% 

^ith continued subsidence, the remaining soil will be of a somewhat greater 
density than the original However, as most peats of the Everglades are of 
low mineral content, this incri»ase of the soil density will have little effect 
on the total subsidence at least to the point where agriculture is impract¬ 
icable 

Hich continued loss in suzface elevations the problems of water control 
increase When organic soils shrink to less than three feet of depth, mole 
draining become^ impracticable Thereafter, land use will be restricted to 
crops having a greater tolerance to water The loss of soil elevation creates 
problems of drainage burplus water from farms must generally be discharged 
against increasingly higher stages of the main drainage canals that are 
presently more or less fixed in their regulation This same condition tends 
to increase seepage that must be combatted by the farmer in providing water 
control for his lands 

The depth of organic soil controls the economic use that can be made of the 
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Figure 23. Predicted subsidence • 2000 A.D. By this time most of the 

Everglades Agricultural Area will have subsided to the point 
where there will probably be wide scale abandonment over 
much of the area, ^ater control problems on the remainder 
of the area will be intensified. 










Figure 23. Map of the Everglades Agrionlturrl Area showing the location 
of cross-section *'A-A** as shown in Figure 24, and of cross- 
section as shown in Figure 25. 
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1 the elevation in 1940 as shown by topographic surveys Fstimsted ground 
the year 1970 and for 2000 A D are also shown 
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Croas-aectional view through the lower part of the Everglades Agricultural 
Area along line 'B-B**. From sections "A-A* and it was found that th 

total loss in sectional area from the original was approximately S2 percen 
to 1940. It 18 estimated that the total loss will be 66 percent by 1970, 
and 88 percent by 2000 A D 






land. It is questionable if extensive development for long time use i$ 
justified in land where the virgin soil is less than 5 feet in depth. The 
economic justification for development of raw lands of less than 3 feet in 
depth where initial subsidence must be taken, to the extent of even limited 
excavation of ditches into rock, is doubtful. The value of future markets for 
Everglades farm products and future cost of development may well be the con* 
trolling factor in the use and extent of use of Everglades lands in the later 
periods. 

As mentioned heretofore, it is considered impracticable to mole dram organic 
soils of less than 3 feet depth. Everglades peat soils of a deeper depth are 
readily adaptable to mole draining operations and practices within limits, and 
the cost is nominal. The justification of providing tile drainage in soils 
too shallow to mole drain has not been determined, but is not believed to be 
economically feasible except perhaps for special crops. It is not believed 
that soil less than 1 foot depth can be used economically for agricultural 
purposes. 

Classifying the soils of the Everglades Agricultural Area according to land 
use and development justification, by periods represented by Figures 14 to 22 
inclusive, the following table has been prepared: 


PgPQiigtAOS OP tOtAL OPGAIIC SOILS 


Year 

0.0 to 1 0 

Bepth in ft, 

1.0 to 3.0 

3.0 to 5.0 

Over 5.0 

1912 

0.1 

1.2 

3.4 

95.3 

1925 

0,6 

3.1 

7.8 

88.5 

1940 

0.8 

6.8 

7.2 

85.2 

1950 

1.7 

6.7 

13.6 

78.0 

1960 

4.4 

12.4 

28.1 

55.1 

1970 

10.7 

16.2 

27.8 

45.3 

1980 

16.6 

28 4 

41.3 

13.7 

1990 

27.0 

28.2 

37.8 

7.0 

2000 

45.3 

42 2 

R.8 

3.7 


To obtain the maximum benefits from the organic soils of the Everglades 
Agricultural Area, the following objectives should be considered in all future 
planning for water control and land use* 

1. That land development be predicated on the expected 
life of the soils and the land capability. 

2. That land and water use practices be improved, 
where possible, to obtain the maximum productive 
life of the soils. 

3. That the design of water control systems be such 
that will provide the maximum opportunity to 
achieve the best land use practices, 

4. That all efforts be made to provide adequate water 
control facilities and place the organic soils in 
'use as quickly as possible in order to forestall 
the wasteful loss of soils in lands not now in use. 
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lhat research be intensified and that the public be 
kept informed on the progress made on the more 
beneficial land use and water control practices as 
developed in order that everything possible may be 
done to conserve and prolong the remaining life of 
these soils. 
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Mr Fiedtiick Meit/ ^ho, ab Cluet Engineer oi Kiupp’s Fiber Divibion foi moie 
llidn SO >edis, made many impiovemcnU in the Corona typo decoiticaloi 3t ^^as hi 
who developed the angled dium approach -which fiist appealed in hi^ Kiupp \ikloi 
In re<*ponse to d leque^t foi a biiei hisioi-y ol the development oi tiie Coiona Decoiti 
tdtor he \eiy kindly bent us pages 57 60 fiom the Sisal Revieii foi August, 19^8 
which are reproduced on the pages that follow (239-242) 4s a backgiound foi 
his photograph aie to be obsened bales of kenaf fiber mechanically decoiticated b\ 
a Mohegan Coiona in the mill of the kmeiican Kenaf and Fibei Coiporation Belli 
Glad 
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OTHER EQUIPMENT OF NOTE FOR THE HARVESTING 
AND PROCESSING OF BAST FIBER CROPS THAT 
THAT HAS BEEN STUDIED RECENTLY 



Figure 1. Hand-fed ribboning machine developed by Mr. Chaileb R. Short ot 
Cleimont, Florida, has high-speed rolls and cleais the ribbons rapidly with virtually 
no fiber loss. 



Figure 2. Henriquez harvester showing (front view) topping attachment mounted 
in an adjustable frame in front of and on side of tractor. The reel forces the tops 
of the kenaf plants into the horizontal conveyor which carried them over the lop of 
the tractor and drops them at the side. The gathering and grip conveyor (side view) 
is shown at the rear of the tractor. This unit is mounted on a standard mowing 
machine. The harvested stems aie deposited in a continuous windrow on left of 
the tractor. 



Figure 3. Henriquez ribboner, “V” pattern, double drum type with feed table 
and single-grip conveyor which forces the stalks into and removes the ribbons from 
the opposed “bottom” and “tip” drum-type beaters. The an^ed arrangement of 
the drums gives a progressive cleaning towards the center of the stems. Unfortunately 
the central section of the stalks held continuously within the gripping device is not 
cleaned in the present development of the unit. 
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THE FIRST MEETING OF THE U.S.D.A. KENAF FIBER 
GRADING COMMITTEE 

1951 

The first meeting of the U.S.D.A. Fibei Grading oi Typing Committee 
lor kenal was held at the Everglades E\peiiment Station on the morning 
of Novembei 1st and continued thiough the enliie day with a special field 
tiip to the mill of the Ameiican Kenaf and Fiber Corpoiatioii in the 
afternoon. 

A good supply of fibei lepiesentmg the full scale of quality being 
produced at the time was made available foi study. Four tentative types 
or grades were set up duiing the day subject to change as the study con¬ 
tinued on into the futuie. Several sets of samples lepiesenting all four 
giades were prepaied but a sufficient amount of the Lop giade was not 
found to bale and find a place in commeicial handling. As a result of 
this fact at a latei meeting of the Grading Committee (Nov. 21, 1951) 
these thiee grades, Nos. 2, 3 and 4 weie finalized foi the 1951 ciop and 
numbered 1, 2 and 3 but still represented only Medium, Fail and Low 
types or giades of fiber, respectively. 

The committee was continued with the substitution on it of Mr, Ralph 
J. Blank, Vice President, Ameiican Kenaf Fiber Coiporation for the 



Figure 1. Members of the Fiber Grading Committee from left to nght, 
with E. D. Bell, Deputy Director, Cotton Branch of the Production and Market¬ 
ing Administration, U.S.D.A., Washington, at the far right: Walter R. Guthrie, 
L^igh Spinning Company, Allentown, Pa,; Elton G. Nelson, U.S.DA., Belts- 
ville, Md.; H. C. Slade, Standardization and Appeals Section, Cotton Branch, 
P. & M. A., U.S.D A., Washington; Alexander L. Guterma. American Kenaf and 
Fiber Corp., New York City. 
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Presiclenl of lhal CoipoiaUon, Mi. A. L Guleima. The oiil) known 
bomce of official infoimation on the delibeiations of the Committee is 
the files of the Cotton Bianch. P. and M. A., U. S. Dept. Agriculture, 
Mr. E. D. Bell, Deputy Chief. 



2 'lli( F’lbei Giadini; Gommiuer in gtneul session, leii lO 
It V. Colder, \usiivilia; f, M. Dempsse>, Canal Point; It. J Blank, West Palm 
Beach; Geo. It Boyd, U b l).A., Washington, D C.; L. Guteima, New \oik 
(aty; Ellon G. Nelson, IJ S.I) BellsviUc; Waller R. Gutliiie, Allentown, Pa., 
H, C. Slade, U.S.D.V,, Washington, D. C ; Clovis D. Walker, U.SDA, Wash 
ingion, D. C.; Wilson C Tucker, U S.D. k, Washington, D. C.; S. VI Kimball 
V S.[).A, Atlanta, Ga , E D Bdl, II SD V, Washington, D C. 
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Figure 3 Membeis of the Fiber Giading Committee and others at iht 
plant of the Amencan Kenaf and Fiber Coiporations plantation southeast ol 
Belle Glade, left to nght Dr A G Peterson Munitions Board Dr C H 
Schoffstdll National Production Board, Mr H C Slade, USD4 , Mr E D 
Bell (head turned), USD 4 , Mr Walter Guthrie Allentown Pa , Mr E G 
Nelson, U S D A , Mr Wilson C Tuckei U S D 4 Mi \ I Guterma 
President of the Amencan Kenaf and Fiber Corpoiation 
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